AMPEREX 


Tine  craftsmanship  .  .  . 
.  .  .  expert  workmanship 

Qualities  outstanding  even  upon  casual  examination,  are 
true  outward  indications  of  the  painstaking  thoroughness, 
precision,  and  skill  with  which  the  new  Amperex  Wate/- 
Cooled  tubes  were  designed,  engineered  and  constructed. 

I  Spacings  and  dimensions  held  to  a  fraction  of  a  thou¬ 
sandth  of  an  inch — vacuums  down  to  almost  immeasurable 
pressures  are  your  assurance  of  unvarying  characteristics, 
'  highly  efficient  operation  and  of  extraordinary  long  life. 

A  partial  list  at  tha  types  avallabla  It  shown  be/ow; 
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A  mass  of  data  is  available  to  show  how 
efficiently  and  reliably  S.  S.  V(’HITE  Radio 
Shafts  fulfill  the  purpose  for  which  they 
were  specially  develop)ed,  namely,  remote 
control  of  radio  equipment. 

Equally  convincing,  however,  is  the  evi¬ 
dence  presented  by  the  simple  statement 
that  S.  S.  WHITE  Remote  Control  Shafts 
are  used  by  RCA  and  subsidiary  com¬ 
panies,  as  well  as  by  practically  all  other 
prominent  radio  manufacturers. 


The  wide  selection  of  S.  S,  >X'H1TE  Radio 
Shafts,  and  companion  casings,  satisfies 
every  requirement  for  sensitive  remote 
control  of  Automobile,  Aircraft  and 
Broadcasting  Radio  equipment  as  well  as 
for  "coupling”  inside  the  equipment. 


Full  information  about  these  shafts  will 
be  supplied  on  request.  Engineering  co¬ 
operation  for  working  out  specific  applica¬ 
tions  is  also  offered  without  obligation. 
Simply  send  us  the  details. 


RCA  AVR-8  RADIOCOMPASS,  re¬ 
mote  controlled  with  S.  S.  WHITE 
Radio  Shafts — an  excellent  example  of 
the  ready  adaptability  of  flexible  shafts 
to  gearing. 


10  East  40th  St..  Room  231 OE.  Now  York,  N.  Y, 


60  y^ars  of  unintorruptod  flexible  shaft  manufacture  and  development. 
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Crosstalk 


►  GONE  WITH  THE  WIND  ...  The 
cover  this  month  discloses  a  phenome¬ 
non  never  seen  and  rarely  photo¬ 
graphed — a  multiple  li{;htning  flash 
blown  up  on  itself  in  a  high  wind.  When 
the  picture  was  offered  to  us  for  pub¬ 
lication  we  sought  an  explanation  from 
K.  B.  McEachron,  of  G.  E.’s  Pittsfield 
Lightning  Laboratory.  Mr.  McEach- 
ron,  an  internationally  known  author¬ 
ity  on  the  subject,  writes  as  follows: 
"The  discharge  path  was  evidently 
blown  along  by  the  wind.  From  work 
with  a  rotating  lens  camera  it  is 
known  that  a  multiple  stroke  may 
consist  of  as  many  as  40  flashes,  the 
interval  between  each  ranging  from 
0.0006  to  0.53  second,  and  may  have 
total  duration  as  long  as  0.93  sec¬ 
ond.  With  a  wind  velocity  of  40  miles 
per  hour,  this  would  mean  a  total  dis¬ 
tance  betw’een  the  first  and  last  dis¬ 
charges  of  the  order  of  55  feet.  .  .  . 
The  reason  why  the  discharges  follow 
the  same  path  is  that  the  air  remains 
ionized  for  a  sufficiently  long  period 
-SO  that  when  the  cloud  again  reaches 
a  sufficient  potential,  due  to  the  flowing 
in  of  charges  from  other  sections  of 
the  cloud,  a  new  discharge  is  estab¬ 
lished  over  the  same  path.”  The  pho¬ 
tograph  was  taken  from  the  ninth 
floor  of  a  building  at  22  West  48th 
Street,  New  York,  looking  south  to¬ 
ward  the  Empire  State  Building,  be¬ 
hind  which  the  flash  disappeared.  The 
photographer  is  in  the  sound-system 
business,  is  the  first  member  of  our 
newly  established  Cover  Club. 


►GO  WEST,  YOUNG  MAN  .  .  . 
Inside  rear  cover  of  the  July  issue 
of  the  Proceedings  of  the  Institute  of 
Radio  Engineers  heralds  a  new  theme 
in  the  radio  engineering  employment 
situation.  Originally  opened  to  I.R.E. 
members  seeking  employment,  the 
employment  page  has  reversed  its 
usual  message,  and  this  at  a  time 
when  radio  activity  is  usually  dull. 
There  are  no  advertisements  from 
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men  seeking  jobs.  There  are,  how¬ 
ever,  four  jobs  looking  for  men;  three 
of  these  in  the  Great  Lakes  area  and 
the  other  location  not  stated. 

Other  indication  of  returning  pros¬ 
perity:  July  is  the  fifth  month  Gen¬ 
eral  Radio  has  used  a  silver  imprint 
on  the  back  cover.  Nor  must  we  over¬ 
look  the  technical  achievements — on 
the  part  of  the  printer  in  making 
silver  ink  stick  to  oatmeal  gray  stock. 


►  FISHBONES  ...  In  a  spread  of 
pictures  made  at  the  pole-raising  fete 
of  RCA  Communications,  published  in 
Electronics,  May  1,  it  w’as  stated  that 
the  fishbone  antennas  were  developed 
by  Mr.  Beverage,  who  points  out  that 
Mr.  H.  O.  Peterson  did  the  work  on 
these  structures  and  that  the  patents 
were  taken  out  in  his  name. 


►  WIDE  B.4ND  .  .  .  Taking  excep¬ 
tion  to  the  Crosstalk  item  in  June 
which  stated  that  manufacturers  were 
not  wise  in  widening  the  response 
band  of  home  receivers,  chief  engineer 
of  one  of  the  largest  companies  (Mid¬ 
dle  West)  reported  on  his  experiences. 
The  laboratory  men  had  “gone  to 
town”  with  an  8000  cycle  receiver. 
They  were  enthusiastic.  At  last  good 
reception  was  possible;  sales  would  be 
heavy. 

In  the  field,  however,  the  control 
was  used  more  as  a  selectivity  control 
rather  than  as  a  fidelity  improver.  No 
one  kicked  about  the  set;  but  no  one 
seemed  to  notice  that  it  sounded  better. 
Most  people  merely  used  the  radio 
as  a  backgn-ound  noise-maker  anyhow 
and  never  discovered  that  it  really 
was  much  better  in  response  than 
what  they  had  been  used  to. 

►  RADIO’S  LOSS  ...  As  Electronics 
goes  to  press  newspapers  carry  news 
of  the  loss  to  the  radio  industry  of 
Annings  S.  Prall,  chairman  of  the 


Federal  Communications  H 'ommission. 
Member  since  1934,  cbairman  since 
1935. 


►  RUMORS  .  .  .  Persisttmt  rumors 
float  around  that  the  bottom  is  about 
to  fall  out  of  the  photocell  market.  .A 
large  producer  is  reported  to  be  ready 
to  release  a  cesium  type  tube  which 
will  list  for  about  one  dollar.  Per¬ 
haps  this  is  what  is  needed  to  put  life 
into  the  slowly  progressing  electron- 
tube-in-industry  business.  We  have 
heard  of  several  applications  that 
would  require  upwards  of  a  hundred 
cells  or  so  and  the  inhibiting  influence 
has  been  the  cost  per  cell,  about  $4. 


►  ANNUAL  REPORT  .  .  .  National 
Union  Radio  Corporation  reported  to 
its  stockholders  that  some  $45,000  had 
been  written  off  to  profit  and  loss  in 
the  year  ending  April  30,  1937.  This 
loss  was  “occasioned  by  the  use  of 
certain  equipment  purchased  during 
the  past  two  years  for  the  manufac¬ 
ture  of  metal  tubes.  Due  to  a  re¬ 
duced  demand  for  this  type  of  tube  this 
equipment  is  not  now  being  used.” 

Incidentally,  National  Union  and 
several  other  tube  companies  showed 
a  profit  for  the  year’s  operations, 
some  of  them  for  the  first  time  in 
their  histories. 

►  FUSES  .  .  .  In  an  article  on  inter¬ 
office  communication  systems,  pub¬ 
lished  in  Electronics  in  May,  it  was 
stated  “as  a  rule  the  best  time  to 
make  corrections  to  the  incoming  line 
is  when  one  is  positive  that  the  build¬ 
ing  superintendent  is  no  where  near 
the  fuse  box.” 

The  Underwriters’  Laboratories 
point  out  that  the  alteration  of  wir¬ 
ing  by  unauthorized  persons  is  not 
recognized  as  good  practice  and  in 
many  cases  is  contrary  to  local  regu¬ 
lations. 
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GUGLIELMO  MARCONI 

AprU  25,  1874— July  20,  1937 

"The  passing  of  Marconi  removes  one  oi  the  most  significant  figures  of  our 
time.  His  spectacular  success  in  first  sending  messages  across  the  ocean 
from  St.  John  to  London  may  be  looked  upon  in  the  sense  of  beginning  the 
modem  development  of  the  whole  art  of  communications,  which  develop¬ 
ment  is  the  most  characteristic  feature  of  our  modem  civilization." 

— Robert  A.  Millikan  in  the  N.  Y.  Times 


Developments  in  1938  Receivers 


Electrical  circuit  developnicnts  in  1938  broadcast  receivers  eclipsed  by  mechanical  fea¬ 
tures;  automatic  tuning  controls  most  evident  advance.  Armchair  sets  with  push  buttons 

I  _•  .! _  _ 


WITH  particular  emphasis 
placed  on  the  tuning  mechan¬ 
isms,  the  dominant  note  in  the  newly 
announced  1938  broadcast  radio  re¬ 
ceivers  appears  to  be  improvements 
in  mechanical  design  and  refinements 
throughout  the  entire  receiver 
rather  than  new  tubes,  new  circuits, 
new  acoustic  features  or  new  auto¬ 
matic  operating  controls.  With 
AVC,  AFC,  ASC,  forms  of  auto¬ 
matic  acoustic  control,  highly  selec¬ 
tive  circuits  and  (if  you  wish  to  pay 
for  them)  excellent  audio  repro¬ 
ducing  systems  available  for  use  in 
receivers,  there  appears  to  be  little 
opportunity  remaining  under  the 
present  system  of  broadcasting  for 
the  development  of  new  features 
which  will  change  radically  the  func¬ 
tional  operation  of  the  receiver.  This 
does  not  mean  that  electrical  circuit 
development  has  reached  a  static 
stage,  nor  does  it  mean  that  the 
1938  receivers  are  devoid  of  cir¬ 
cuit  improvements.  It  does  mean 
that  so  far  as  this  year’s  sets  are 
concerned,  mechanical  design  tem¬ 
porarily  eclipses  advances  which 
have  been  made  in  the  electrical 
circuits  or  in  the  acoustic  systems. 

The  most  obvious  feature  of  the 
1938  receivers  is  the  decided  trend 
toward  the  use  of  mechanical  tuning 
arrangements,  almost  all  of  which 
are  intended  to  minimize  the 
physical  work  and  mental  agility  of 
the  operator  in  selecting  the  de¬ 
sired  program.  But  the  appearance 
of  the  dials  has,  in  most  cases,  been 
improved,  and  the  controls  on  the 
receiver  panel  are  more  legible, 
easier  to  set,  and  more  smooth  and 
uniform  in  operation. 

Automatic  Tuning  Devices 

The  use  of  telephone  dial,  push 
button,  “automatic  tuning,”  fake 
automatic  tuning,  and  similar  de¬ 
vices  for  selecting  a  limited  number 


Modern  cabinets  are'  being  made  of  plastic  materials  in  increasing  num¬ 
bers.  This  Garod  receiver  with  twin  speaker  grilles  as  an  integral  part 
of  the  moulded  Durez  cabinet  is  typical  of  the  smaller  1938  receivers 


of  programs  correctly  and  with  a 
minimum  of  effort  is  much  in  evi¬ 
dence,  although  these  tuning  aids  are 
provided  supplementary  to  the  more 
usual  rotary  tuning  control  so  that 
the  receiver  need  not  be  restricted 
to  the  reception  of  a  few  stations. 
Tw’o  different  systems  of  operation 
of  the  tuning  system  are  used  for 
the  push  button  or  telephone  dial 
forms  of  automatic  tuning.  One 
of  these  is  a  purely  mechanical  ar¬ 
rangement  in  which  the  tuning  is 
accomplished  through  the  selection 
of  the  proper  set  of  tuning  or  pad¬ 
ding  condensers  associated  with  a 
particular  push  button  (as  in  Spar- 
ton  receivers)  or  telephone  dial  ro¬ 
tation.  The  other  arrangement, 
which  may  be  either  push  button  or 
telephone  dial  controlled,  employs  a 
motor  drive  for  rotating  the  tuning 
condenser  shaft  to  the  proper  posi¬ 
tion  for  selecting  the  desired  sta¬ 
tion.  The  RCA  and  GE  sets,  for 


example,  are  in  this  latter  classifi¬ 
cation.  Obviously  those  types  of  con¬ 
trol  having  electrical  connections 
between  the  control  panel  and  the 
receiver  chassis  lend  themselves 
readily  to  remote  tuning  control,  but 
this  feature  has  not  been  pushed 
very  actively,  probably  because  of  the 
difficulty  of  providing  simple,  inex¬ 
pensive,  and  foolproof  remote  vol¬ 
ume  control.  RCA  features  remote 
control  push  button  tuning  in  some 
of  their  models,  but  without  remote 
volume  control. 

In  the  class  of  mechanically  oper¬ 
ated  tuning  controls,  there  appears 
to  be  no  technical  limitations  on  the 
number  or  the  frequency  distribu¬ 
tion  of  the  stations  selected  for  push 
button  control.  However,  several 
high  quality  tuning  condensers, 
which  must  not  change  their  charac¬ 
teristics  with  age,  temperature,  or 
humidity  are  required,  and  these 
must  be  adjusted  by  the  service  man 
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or  dealer  after-  determining  from  With  the  general  acceptance  of  make  certain  that  desired  adjust- 
the  purchaser  which  stations  are  to  push  button  and  telephone  dial  con-  ments  will  be  maintained  throughout 

be  selected  for  automatic  tuning,  trols,  drastic  improvements  in  the  the  life  of  the  receiver.  Wells-Gard- 

With  telephone  dial  tuning,  not  only  frequency  stability  of  all  circuits —  ner,  for  example,  uses  temp)erature 

is  the  number  of  stations  which  but  especially  that  of  the  oscillator  compensation  especially  in  the  oscil- 
may  be  chosen  for  automatic  tuning  circuits — have  become  a  necessity,  lator  circuit,  rather  than  AFC  for 
limited,  but  the  frequency  distribu-  Perhaps  this  is  putting  the  cart  be-  making  the  receiver  behave.  The 
tion  of  the  stations  is,  in  general,  fore  the  hor.se  and  it  w’ould  be  more  fact  that  some  receivers  use  tem- 
likewise  restricted.  This  is  because  precise  to  say  that  the  introduction  perature  compensation  rather  than 
each  finger  port  is  usually  associa-  of  automatic  tuning  devices  has  been  AFC  is  further  evidence  of  the  trend 
ted  with  a  given  range  of  carrier  made  practical  and  relatively  inex-  toward  refinement  and  the  consid- 
frequencies  to  which  it  can  be  ad-  pensive  through  the  extended  use  eration  of  small  details  rather  than 
justed  for  the  proper  selection  of  of  frequency  stabilizing  systems.  to  shoot  the  works  on  fancy  sound- 

only  one  station  in  that  range.  For  Two  methods  of  frequency  stabil-  ing  developments  of  considerable  ad- 
example,  if  there  are  ten  finger  ization  have  gained  acceptance;  vertising  api)eal  but  which  may, 
ports  in  the  dial,  each  would  corre-  AFC  and  compensation  of  circuit  neverthele.ss,  be  of  problematical 
spond  to  a  frequency  spectrum  of  changes  against  temperature  (and  value. 

approximately  100  kc.,  and  could  perhaps  humidity)  variations.  Of  Increased  frequency  stability  of  the 
be  used  to  select  any  one  of  the  ten  those  receivers  using  automatic  tun-  i-f  circuit,  high  gain  stages  coupled 
channels  in  this  100  kc.  spectrum.  At  ing  controls,  about  half  make  use  of  with  noise  elimination  or  noise  min- 
the  same  time,  other  broadcast  chan-  AFC  to  assure  that  the  desired  pro-  imization,  silencing  or  muting  of  the 
nels  in  this  100  kc.  range  could  not,  gram  is  properly  tuned  in  for  a  receiver  between  station  changes, 
in  general,  be  tuned  in  by  using  this  given  adjustment  of  the  tuning  sys-  and  variable  or  adjustable  i-f  band 
automatic  tuning  feature.  In  gen-  tern.  Present  indications  are  that  widths,  trends  which  were  initiated 
eral  it  would  not  be  possible  to  select  there  are  approximately  four  times  last  year  in  most  cases,  are  con¬ 
fer  automatic  telephone  dial  tuning  as  many  models  now  using  AFC  as  tinned  in  greater  degree  this  year. 


two  stations  10  kc.  apart,  like  WOR 
and  WLW,  for  example. 

The  introduction  of  push  button 
or  telephone  dial  tuners  is  likely  to 
raise  a  new  type  of  service  problem 
since  none  of  the  automatic  tuning 
systems  are  intended  to  be  adjusted 
by  the  user  of  the  receiver.  The 
services  of  a  technician  would  also 
be  required  to  realign  the  automatic 
tuning  adjustments  in  the  event  of 
change  of  capacity  of  the  padding 
condensers  due  to  aging,  heat,  or 
humidity.  A  possible  exception  to 
the  statement  that  a  service  man 
is  required  to  align  the  set  might 
be  made  in  the  case  of  RCA  sets, 
since  the  automatic  tuning  feature 
used  by  RCA  is  sufficiently  simple 
in  adjustment  as  to  be  capable  of 
being  lined  up  by  the  user  if  proper 
and  adequate  instructions  are  pro¬ 
vided. 


had  this  feature  a  year  ago.  Auto¬ 
matic  frequency  control  can  now  be 
found  in  automobile  sets  (GE). 

In  those  receivers  which  do  not 
use  AFC,  it  has  been  found  neces¬ 
sary  to  make  use  of  temperature 
compensated  tuning  elements  to 


Greater  stability  in  i-f  circuits  is 
evident,  especially  in  the  higher 
priced  sets. 

Improvements  in  the  frequency 
response  curve  of  the  i-f  amplifier 
have  been  effected  in  most  ca.ses 
through  the  use  of  better  trans- 


This  range  of  audio  characteristics  is  available  — 
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Follow  the  arrow  and  you  follow  the 
style — so  say  “sonic  arc”  proponents 


Above  Chassis  of  receiver  having  motor  driven  tuning  control.  Thirteen 
stations  may  be  selected  by  push  buttons 

Opposite  page.  Left — Photograph  of  tuning  panel  of  this  early  experimental 
receiver  indicates  the  trend  of  this  year's  push  button  sets.  Right — “Overseas 
dial  and  controls."  push  buttons,  and  sloping  panel;  all  the  trimmings  of  the 

receivers 


ually  operated  selectivity  controls 
are  tied  up  in  some  way  or  another 
with  the  tone  control  of  the  receiver 
— a  feature  which  will  probably  be 
found  in  future  receivers. 


formers  which  frequently  employ 
three  tuned  circuits  coupled  to  give 
the  desired  response  characteristic. 
The  selectivity  curves  are  much  im¬ 
proved  over  those  of  former  years. 
A  typical  curve  of  the  complete  i-f 
system  in  one  receiver  gives  a  re- 
s|K)nse  which  is  symmetrical  about 
the  carrier  frequency  and  extends 
to  4  kc.  on  either  side  of  the  car¬ 
rier  before  appreciable  attenuation 
occurs.  At  12  kc.  from  the  carrier, 
the  attenuation  is  about  -32  db.  and 
crosses  the  response  curve  of  an 
equivalent  i-f  system  of  a  year  ago. 
Thus,  the  improved  receiver  has  a 
flatter  characteristic  up  to  4  kc.  of 
resonance,  and  a  much  shari)er  cut¬ 
off  skirt  than  the  equivalent  ampli¬ 
fier  of  a  year  ago. 

Iron  core  transformers  seem  to 
be  used  to  slightly  greater  extent 
than  air  core  transformers  in  this 
year’s  sets,  especially  where  tem¬ 
perature  compensation  is  used. 

Approximately  one  fifth  of  the 
new  models  have  variable  or  adjust¬ 
able  frequency  i-f  circuits.  Auto¬ 
matic  selectivity  of  the  i-f  circuit 
is  not  used  to  any  great  extent,  al¬ 
though  manual  and  simplified  man¬ 
ual  control  is  the  general  rule,  and 
many  of  the  semi-automatic  or  man¬ 


.Acoustic  Features 


In  the  advertising  handouts,  little 
is  being  said  about  the  purely  acous¬ 
tical  developments  of  radio  receivers 
for  this  year.  While  it  is  safe  to 
a.ssume  that  the  acoustic  characteris¬ 
tics  of  modern  radio  receivers  are 
as  good  (if  not  better)  than  they 
have  been  in  the  past,  the  trade  is 
relatively  silent  on  boosting  to  the 
skies  as  such  moth  eaten  weazel 
phrases  as  “high  fidelity,”  especially 
when  Big  Bertha  claims  can  be  sub¬ 
stantiated  only  by  pop  gun  per¬ 
formance.  The  acoustic  labyrinth  of 
Stromberg-Carlson  and  the  “magic 
voice”  of  RCA  are  retained.  In 
addition.  RCA  has  brought  out  an 
acoustic  reflector  arrangement 
known  as  the  “sonic  arc”  which,  it 
is  claimed,  increases  the  audio  fidel¬ 
ity  re.sponse.  Knowles  of  Jensen 
Radio  Mfg.  Co.,  has  developed  a  sys¬ 
tem  of  speakers  with  properly 
spaced  ports  or  vents  to  improve 
fidelity  characteristics  of  speakers; 


these  are  used  in  Motorola  and  other 
receivers. 

Practically  all  receivers  have 
acoustic  compensation  of  some  sort 
or  another.  This  feature  may  be 
beneficial  in  many  cases,  but  is  diffi¬ 
cult  to  evaluate  accurately  and  ob¬ 
jectively.  It  appears  that  any  really 
worthwhile  contributions  are  to  be 
found  only  in  receivers  of  the  higher 
price  range.  Such  improvements  as 
have  been  made  in  this  year’s  receiv¬ 
ers  consist  of  bcK)sting  up  the  low 
frequency  respon.se,  loading  the  loud 
speaker  to  smooth  out  some  of  the 
peaks,  and  eliminating  speaker  and 
cabinet  resonance  which  was  objec¬ 
tionable  in  some  of  last  year’s  mod¬ 
els,  especially  since  some  peaks  were 
at  or  near  60  cycles. 

Negative  feedback  has  been  used 
in  a  number  of  re<-eivers  to  assist  in 
producing  a  more  uniform  frequency 
response.  Some  of  the  General  Elec¬ 
tric  sets  use  a  combination  of  both 
positive  and  negative  feedback  to 
obtain  the  desired  frequency  re¬ 
sponse  curve.  Positive  feedback  is 
used  on  the  low  frequency  end  and 
negative  feedback  is  used  at  the  high 
frequency  end.  The  feedback  con¬ 
trol  may  be  varied  by  the  operator 
at  will  to  give  any  desired  effect 
within  the  range  of  the  adjustments 
provided. 

(Continued  on  page  42) 
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Directional  Array  Field  Strengths 


A  method  for  computing  the  performance  of  directional  arrays  and  comparing  it  with  tlie 
performance  of  a  single  vertical  radiator  of  the  same  height,  useful  in  planning  improve¬ 
ments  in  broadcast  radiation  systems 


The  design  of  a  directional  an¬ 
tenna  array  involves  two  im¬ 
portant  factors,  the  shape  of  the 
pattern  and  the  absolute  magni¬ 
tude  of  the  signal  strength  contours 
in  the  pattern.  E.  A.  Laport  has 
previously  shown'  how  to  calculate 
the  shape  of  the  directional  pattern 
of  an  array  of  two  vertical  grounded 
radiators.  •However,  his  patterns 
are  relative  only,  and  therefore  pro¬ 
vide  no  comparison  (except  shape) 
between  different  arrays,  or  between 
an  array  and  a  single  radiator.  The 
purpose  of  this  article  is  to  show 
how  to  extend  the  usefulness  of  the 
method  he  uses,  so  as  to  provide 
comparisons. 

The  usual  assumptions  are  made, 
i.e.,  each  radiator  is  a  vertical  wire 
with  its  lower  end  very  near  a  ground 
of  perfect  conductivity.  In  this 
article,  as  in  Laport’s,  we  will  deal 
only  with  arrays  composed  of  ra¬ 
diators  of  equal  height.  The  held 
strength  of  an  array  will  be  ex¬ 
pressed  in  terms  of  the  field  strength 
of  a  single  radiator  of  the  same 
height  with  the  same  total  power 
input.  Thus  we  have  a  direct  com¬ 
parison  of  the  performance  of  an 
array  and  a  single  tower,  or  between 
two  arrays. 

For  purposes  of  comparison  the 
horizontal  pattern  of  one  radiator 
alone  (i.e.  not  in  the  presence  of 
other  conductors)  will  be  a  circle 
of  unit  radius.  If  the  absolute 
radius  of  this  circle  in  MV/m  at 
one  mile  is  desired  it  can  be  deter¬ 
mined  from  previously  published 
data*.  However,  for  comparison 
purposes  this  radius  will  be  unity. 

When  operating  two  radiators 
near  each  other,  the  current  in  each 
will  induce  a  voltage  in  the  other. 
The  problem  then  is  to  determine 
the  total  current  in  each  radiator. 
It  is  not  necessary  to  determine  the 
actual  current,  but  merely  the  ratio 
of  current  in  one  element  of  an 
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array,  to  the  current  in  a  single 
radiator  alone  with  the  same  total 
input  power  as  the  array. 

The  following  symbols  will  be 
used.  If  the  current  in  one  element 
of  an  array  is  not  the  same  as  the 
current  in  the  other  element,  then 
the  element  with  the  greatest  cur¬ 
rent  will  be  designated  as  element 
No.  1. 

1  —  Current  in  single  radiator 
when  used  alone. 

/i  =  Current  in  element  No,  1  of 
the  array. 

It  =  Current  in  element  No.  2  of 
the  array. 

k  =  Ratio  of  the  magnitude  of 
It  to 

<f>  =  Phase  angle  of  It  with  respect 
to  /,. 

Zrx  —  Rr  +  jXrx  =  Self  impedance  of 
element  No.  1  alone. 

Zra  =  i2r4'i‘X'r,  =  Self  impedance  of 
No.  2  alone. 

Xrx  and  Xrt  consist  of  self  re¬ 
actance  plus  any  loading 
reactance  in  each  antenna. 

=  +  =  Mutual  impedance 

between  the  two  elements. 

Zx  =  -|- yX,  =  Total  effective  im¬ 

pedance  of  element  No.  1. 

Z*  =  Rj  +  jXt  =  Total  effective  im¬ 
pedance  of  element  No.  2. 

By  definition: 

U  =  klx 

It  =  kl x(cos  4>  —  3  sin  <f>) 

And  since  power  in  array  =  power 
in  single  radiator  alone. 

And  by  Kirchoff’s  Laws: 

Ex  =  /iZri  ItZm 
Et  =  IxZrt  "I"  I^Zm 

Combining  above  equations  and  solv¬ 
ing  for  current  ratio 


_ 1 _ 

Rm  COB 


R, 


lx 

In  Laport’s  equations  -p  is  alway.« 


unity.  By  multiplying  his  equations 
by  the  above  correction  factor  we 
obtain  equations  which  give  a  com¬ 
parison  between  the  performance  of 
a  two  element  and  a  single  radiator 
of  the  .same  height. 


Horizontal  Pattern 

- - -  X 

1  1  -f-  A'*  ‘2k  R  m  cos  <t> 

Y. 

y  COSa 

Vertical  Pattern 
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R, 

[COB  (i4  sin  5)  —  cob  A  | 
COB  6  J 

^  1-t- 2t-  COB  (7-1-0) 

where  a  =  S'  cos  6 

S'  =  Spacing  of  elements  in 
electrical  degrees  or 
radians 

0  =  Azimuth  angle  with  re¬ 
spect  to  the  line  of  the 
two  elements.  In  same 
units  as  S'  and 
A  =  Height  of  the  two  ele¬ 
ments  in  electrical  deg. 
or  rad. 

f  —  S'  (co8  0)  (cos  8)  =  Pha.se 
difference  due  to  differ¬ 
ence  in  lengths  of  paths 
of  two  radiations. 

8  =  Angle  of  elevation  above 
ground.  Same  units  as 
other  angles. 

These  are  the  same  units  as  used  in 
Laport’s  article  except  that  he  dealt 
only  with  quarter  wave  elements 
where  A  =  90  degrees. 

Determination  of  Rm/Rr 

Values  of  Rm/Rr  for  spacings  up 
to  one  wavelength  of  heights  of  X/4, 
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3a/8,  and  .528X  (190  degrees)  are 
plotted  in  Fig.  1.  For  other  heights 
and  spacings,  approximate  values 
may  be  estimated  from  the  curves, 
and  exact  values  may  be  calculated 
from  the  following  formulae  by  G. 
H.  Brown*. 

Example 

As  an  example  of  the  use  of  this 
method  suppose  it  be  desired  to  de¬ 
termine  the  field  strength  at  right 
angles  to  the  line  of  the  towers  of 
two  quarter  wave  towers  spaced  .7X 
with  currents  equal  and  in  phase. 

S'  =  .7  X  360  =  252.  degrees 

«>  =  0 

a  =  252  cos  90+0  =  0 

R. 

—  =  -.338 

R. 


\  1  +  1  +  (.2X-.3;WX1) 

V(l  +  l’+2eo8b) 

=  .87X2.  =  1.74 

This  means  that  in  this  direction 
74%  greater  field  strength  will  be 
obtained  than  if  the  same  power  is 
used  in  a  single  radiator  alone.  If 


the  absolute  theoretical  field  strength 
is  desired  it  is  found  by  determining 
the  field  strength  of  a  single  radiator 
alone  and  multiplying  by  the  above 
factor.  It  can  be  found  from  the 
article"'  to  which  previous  reference 
is  made  that  the  theoretical  field 
strength  of  a  quarter  wave  vertical 
grounded  radiator  is: 

6.2  MV/m/V watt  at  1  mile. 
Multiplying  this  by  the  above  factor 
gives  the  theoretical  field  strength 
of  the  array  in  this  direction. 

6.2  X  1.74  =  10.8  MV  m/  V  watt 
at  1  mi. 

If  we  square  the  above  factor  we  ob¬ 
tain  the  power  gain  of  the  array. 

=  1.74*  =  3.02 

This  indicates  that  using  the  array 
gives  an  increase  of  field  strength  in 
this  direction  equivalent  to  tripling 
the  power  in  the  single  radiator.  In- 
cidently  this  figure  checks  with  the 
figure  given  by  P.  S.  Carter*  for  the 
power  gain  of  two  half  wave  dipoles 
in  free  space,  which  corresponds  to 
two  quarter  wave  grounded  radia¬ 
tors. 

It  is  only  necessary  to  calculate 


the  factor  once  for  each  complete 
pattern.  Each  radius  of  the  pattern 
is  multiplied  by  the  factor.  Fig  .2 
shows  how  the  correction  factor  va¬ 
ries  with  spacing  and  phase  angle  for 
two  quarter  wave  elements  with 
equal  currents.  There  are  several 
points  of  interest  on  these  curves. 
At  very  large  sjiacings  there  is  no 
appreciable  coupling  between  the  two 
elements  and  approaches  zero. 
If  either  Rm  or  cos  <^  =  0  then: 

and  if  A  =:  1 

[f]=.7a7 

Notice  that  all  the  curves  are  ap¬ 
proaching  this  value  at  large  spac¬ 
ings.  At  approximately  .43X  spac¬ 
ing  Rm  also  equals  zero  for  the  quar¬ 
ter  wave  elements.  At  this  spacing 
the  only  coupling  between  the  ele¬ 
ments  is  purely  reactive.  Therefore 
all  the  curves  pass  thru  the  point 
.43X,  .707.  The  <^  =  90  degrees  curve 
is  constant  at  .707  since  the  two  cur¬ 
rents  are  in  quadrature  and  there  is 

(Continued  on  page  72) 


Tig.  V — Ratio  of  mutual  resistance  to  self-  Fig.  2 — Correction  factor  for  two  quarter-wave 

resistance  of  two  vertical  grounded  radiators  radiators 
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Tube  Controlled  Candy  Wrapper 


By  FOSTER  A.  HALL 

Westtnfffiouse  Electric  <f  M/g.  Co. 
Qrund  Rapids,  Mich. 


A  PHOTO-ELECTRIC  control 
used  by  the  automatic  Packag¬ 
ing  Machinery  Company  of  Grand 
Rapids,  Michigan,  on  a  machine  for 
automatically  wrapping  candy  bars, 
has  proven  extremely  practical  and 
reliable. 

The  use  of  a  photo-electric  con¬ 
trol  on  the  machine  has  eliminated 
the  necessity  of  closely  supervis¬ 
ing  the  cutting  operation,  and 
through  the  reliability  of  the  ap¬ 
paratus  it  is  not  necessary  to  have 
an  expensive  technical  man  available 
at  all  times  to  service  the  machine. 

Any  automatic  candy  wrapping 
machine  is  in  itself  a  complicated 
piece  of  apparatus.  It  is  doubly 
complicated  when  it  is  necessary  to 
install  a  mechanical  means  of  ac¬ 
curately  cutting  the  paper  so  that 
it  will  always  have  the  trade-mark 
in  the  proper  place  after  the  candy 
bar  is  wrapped,  and  to  be  certain 
that  this  trade-mark  is  always  in 
the  same  place  during  the  thousands 
of  operations  of  the  machine. 

When  designing  the  machine,  the 
control  was  simplified  by  utilizing  a 
light  source  actuated  from  a  printed 
spot  on  the  paper  to  time  their  cut- 


lead  from  this  controller  to  the  light 
source  and  the  photo-tube.  The  light 
source  is  mounted  directly  above  the 
paper  and  shows  just  above  the  roll 
of  paper  which  feeds  the  machine; 
the  photo-tube  is  mounted  directly 
beneath  the  light  source  with  about 
a  quarter  of  an  inch  clearance 
through  which  the  edge  of  the  paper 
passes  on  which  is  printed  the  oblong 
black  interrupter  spot.  This  spot 
can  be  seen  on  the  right-hand  side 
of  the  paper  roll. 

The  paper  cutter  on  this  machine 
is  actuated  by  a  black  oblong  spot 
printed  on  the  paper  which  when 
passing  between  the  light  source  and 
the  photo-tube,  causes  an  electrical 
impulse  to  trip  the  paper  cutter.  The 
spot  is  very  dense  to  properly  inter¬ 
rupt  the  light  beam;  and  has  a  cer¬ 
tain  printed  location  with  reference 
to  the  trade-mark  on  the  paper  so 
a  satisfactory  operating  sequence 
could  be  obtained. 

The  operation  of  the  photo-troller 
is  based  on  the  use  of  a  grid  glow 
tube,  which  breaks  down  at  a  cer¬ 
tain  grid  voltage.  Once  the  tube  is 
excited  it  continues  to  pass  current 
until  the  circuit  is  interrupted;  for 
this  reason  it  is  necessary  to  have 
in  the  circuit  some  device  which  will 
open  the  circuit  after  the  paper  cut¬ 
ter  has  operated.  This  is  accom¬ 
plished  by  a  switch  operated  directly 
from  the  shaft  operating  the  paper 
cutter;  after  the  knife  cuts  the  paper 
the  grid  glow  circuit  is  opened  and 
is  closed  just  before  the  knife  is 
ready  to  make  a  new  cut.  Since  the 
grid  glow  tube  is  only  tripped  on 
the  impulse  caused  by  the  interrui  - 
tion  of  the  light  beam,  the  circuit, 
including  the  grid  glow  tube,  is  lim¬ 
ited  to  approximately  35/100  of  an 
ampere  and  is  used  to  operate  a  sole¬ 
noid  which  trips  the  cutting  blade 
on  the  machine. 


ter.  A  photo-troller  with  an  electric 
eye  and  photo-tube  and  an  electric 
solenoid  furnished  the  basic  ele¬ 
ments.  The  candy  wrapping  ma¬ 
chine  has  a  maximum  output  of  120 
candy  bars  per  minute,  and  even  un¬ 
der  this  severe  test  the  photo-tube 
control  operates  perfectly  and  the 
overall  operation  of  the  machine  as 
a  whole,  is  such  that  the  variation 
in  paper  lengths  is  less  than  1/64  in. 

An  interesting  feature  is  that, 
should  the  electric  eye  miss  opera¬ 
tion  on  the  spot,  the  machine  auto¬ 
matically  cuts  the  paper  about  i  inch 
longer  than  normal.  However,  in 
less  than  eight  operations  of  the 
photo-troller  the  paper  will  again  be 
back  to  the  predetermined  length 
with  the  trade-mark  in  the  proper 
position. 

The  photo-troller  is  mounted  on 
the  right-hand  side  of  the  machine 
in  the  black  box  directly  below  the 
discharge  table  for  the  candy  bars, 
as  illustrated.  Two  flexible  conduits 


Under  phototube  control  this  machine 
torapa  120  candy  bar  a  a  minute  with  leas 
than  1/64  inch  variation  in  paper  leng'h. 
The  control  unit  ia  ahoton  in  the  inset  at 
the  left 
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PRACTICALLY  every  type  of 
vacuum  tube  application  in  the 
industrial  field  requires  a  relay  in  the 
I>late  circuit  of  the  final  tube.  This 
article  describes  a  method  which  per¬ 
mits  a  visual  comparison  of  the  tube 
and  relay  characteristics  by  super¬ 
imposing  the  relay  characteristics  on 
the  tube  characteristics  so  that  the 
origin  of  the  relay  characteristic  cor¬ 
responds  to  the  plate  supply  voltage 
and  zero  plate  current.  If  the  tube 
characteristics  are  known  it  is  im¬ 
mediately  possible  to  determine  by 
inspection  the  most  suitable  resist¬ 
ance  for  a  standard  telephone  type 
relay  coil  to  operate  in  the  plate  cir¬ 
cuit  and  supply  the  maximum  mag¬ 
netomotive  force  for  operating  the 
relay.  The  method  gives  the  same 
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results  as  are  obtained  by  the  usual 
resistance  load  line  characteristics, 
but  by  superimposing  the  two  fami¬ 
lies  of  characteristics  the  effects  of 
variations  of  either  the  tube  or  the 
relay  parameters  may  be  more  easily 
visualized. 

The  curves  presented  in  this  arti¬ 
cle  have  been  worked  up  for  standard 
telephone  type  relays,  since  these  are 
used  more  frequently  than  any  other 
type  in  vacuum  tube  plate  circuits. 
Fig.  1  shows  the  ratio  of  turns  to  the 
coil  resistance  for  such  relays.  The 
data  given  is  for  Automatic  Electric 
Company’s  relays  of  the  AQA  or 


similar  type,  assuming  copper  wire, 
enameled  cotton  insulation,  no  slugs 
or  other  accessories  reducing  the 
winding  space,  and  coils  full  wound 
(except  as  noted)  so  as  to  get  the 
maximum  number  of  turns  in  the 
specified  length  and  limiting  outside 
diameter.  Other  makes  of  telephone 
type  relays  have  similar  characteris¬ 
tics.  For  example,  this  design  of  re¬ 
lay  is  similar  to  that  used  in  much 
Western  Electric  telephone  equip¬ 
ment.  Very  few  standard  designs 
have  full  windings  where  the  resist¬ 
ance  is  less  than  30  ohms,  and  the 
points  shown  to  the  left  end  of  the 
curve  are  therefore  for  coils  f  or  J 
of  full  wound,  since  these  are  the 
maximum  available  below  30  ohms. 

When  plotted  on  log-log  paper,  the 
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Relay  Coil  Resistance  in  Ohms 


Fig.  1.  Theoretical  curve  and  observed  points  showing  coil  resistance 
and  number  of  turns  for  standard  telephone  type  relays 


relation  between  the  coil  resistance 
and  the  number  of  turns  in  the  relay 
may  be  represented  by  means  of  a 
straight  line  having  a  slope  equal  to 
one-half.  This  slope  has  been  drawn 
in  Fig.  1,  together  with  the  points 
justifying  the  assumption  of  the 
square  root  relation  connecting  the 
relay  resistance  with  the  number  of 
turns  in  the  relay  coil.  While  this 
relation  has  been  derived  empirically 
it  has  a  sound  theoretical  basis  be¬ 
cause  of  the  relatively  constant  ratio 
of  insulation  to  copper  on  modern  en¬ 
ameled  magnet  wire  and  the  large 
ratio  of  outside  to  inside  coil  dia¬ 
meter  on  commercial  telephone  type 
relays.  The  relays  for  which  Fig.  1 
applies  have  a  winding  length  of 
in.,  an  outside  diameter  of  1  in., 
and  an  inside  diameter  of  §  in. 

In  order  to  justify  the  graphical 
construction  of  Fig.  1  and  determine 
the  magnetic  characteristics  of  the 
relay  in  terms  of  the  operating  vol¬ 
tages  and  current  the  following 
mathematical  notations  will  be 
adopted :  Let  MMF  =  the  magneto¬ 
motive  force  developed,  T  =  the 
number  of  turns  on  the  relay,  R  = 
resistance  of  the  relay,  P  =  the 
power  consumed  in  the  relay  coil, 
Ir  =  the  current  through  the  relay. 
Ip  =  the  plate  current  of  the  vacuum 
tube,  Er  =  the  voltage  across  the 
relay  coil,  Ep  =  the  voltage  on  the 
plate  of  the  tube  and  Eh  =  the  total 
plate  supply  voltage.  Using  this 
symbolic  notation,  we  may  derive 
from  Fig.  1  the  relations: 

r  =  600  fi*  (1) 

P  Br*/R  ^  Ir'R  =  Erlr  (2) 

MMF  -  IrT  =  600 -  600  P*  (3) 


For  a  I'elay  in  the  plate  circuit  of 
a  vacuum  tube  we  have  the  relations 

Ir  =  h  (4) 

Er  -|-  Bp  =  Ep  (5) 

so  that  the  magnetomotive  force  pro¬ 
duced,  in  terms  of  the  tube  voltage 
and  current,  is 

MMF  =  IrT  =  000  [(Eh  -  Ep)  Ip]i  ;(6) 

Equation  (3)  expresses  the  rela¬ 
tion  between  the  magnetomotive 
force  in  ampere-turns  and  the  power 
consumption  of  the  relay,  and  en¬ 
ables  us  to  plot  ampere-turn  curves 
with  voltage,  current  and  resistance 


characteristics  of  the  relay  coil  as 
coordinates.  While  the  square  root 
relation  between  resistance  and  am¬ 
pere  turns  is  true  for  all  types  of 
cylindrical  windings  meeting  closely 
the  above  mentioned  requirements  of 
space  factor  and  ratio  of  outside  to 
inside  winding  diameter  of  the  con¬ 
stant,  600,  will  vary  for  winding 
spaces  of  different  size  or  shapes. 
Plotting  data  for  full-wound  coils  of 
different  size  of  wire  on  log-log 
paper,  enables  us  to  determine  the 
proper  coefficient  for  the  square  root 
relation  given  in  Eq.  (3)  for  wind¬ 
ings  of  any  size,  shape,  or  type  of 
material.  The  set  of  curves  at  the 
head  of  this  article  shows  the  fam¬ 
ily  of  ampere-turn  characteristics 
plotted  against  relay  coil  resistance 
and  relay  current  (or  relay  coil 
voltage)  as  well  as  the  power  con¬ 
sumption  for  standard  telephone 
type  relays.  Since  13  watts  is  fre¬ 
quently  considered  a  maximum 
continuous  duty  rating  of  telephone 
relays,  this  value  is  shown  along 
with  decimal  and  other  values  more 
convenient  for  graphic  interpola¬ 
tion.  Although  the  relay  curves 
shown  will  be  useful  to  any 
one  employing  standard  telephone 
type  relays  in  vacuum  tube  circuits, 
they  are  not  used  directly  in  the 
graphical  method,  which  is  the  sub¬ 
ject  of  this  article. 

The  characteristic  curves  of  a  re- 


Fig.  2 — Hyperbolic  curves  giving  telephone  relay  ampere  turns  as  a 
function  of  voltage  and  current 
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tube  characteristic  corresponds  to 
100  volts  on  the  relay  characteristic, 
the  voltage  multiplying  factor,  Fv,  is 
1.98.  The  total  multiplying  factor 
will  then  be  (1.96  x  1.98)*  or  1.972. 
Obviously,  for  a  given  set  of  relay 
hyperbolas,  the  scale  factor  will,  in 
general,  change  with  each  new  graph 
of  tube  characteristics. 

Fig.  3  shows  the  application  of  the 
relay  characteristics,  applied  to  6L6 
tube.  The  origin  of  the  relay  char¬ 
acteristic  curve  is  placed  at  the  point 
on  the  tube  characteristic  corre¬ 
sponding  to  zero  plate  current  and 
the  operating  plate  voltage  (Ip  =  0, 
and  Eb  =  400  volts  in  this  case) 
with  the  current  and  voltages  axes  of 
both  characteristic  curves  parallel. 
The  point  at  which  the  relay  charac¬ 
teristic  becomes  tangent  with  the 
tube  characteristic  (for  any  grid 
voltage)  gives  the  maximum  mag¬ 
netomotive  force  which  can  be  de¬ 
veloped  under  the  assumed  condi¬ 
tions.  Connecting  the  point  of  tang- 
ency  thus  found  with  the  origin  of 
the  relay  characteristics  will  give  the 
optimum  load  line.  Conversely  for 
given  plate  and  grid  bias  voltages, 
we  can  determine  the  upper  and 
lower  limits  of  the  magnetomotive 
force  develoi^ed  by  the  relay  as  soon 
{Coiifiiiited  on  pa<fe  .58) 


trim  close  to  the  axes  so  that  the 
transparent  chart  may  be  superim¬ 
posed  on  tube  characteristics  without 
removing  these  from  their  binders. 

It  will  now  be  necessary  to  deter¬ 
mine  the  scale  ratio  for  Fig.  2  when 
used  with  any  set  of  tube  static  char¬ 
acteristics.  To  do  this  compare  the 
voltage  scale  on  the  relay  characteris¬ 
tic  with  the  voltage  scale  on  the  tube 
characteristics,  and  the  current  scale 
of  the  relay  chart  with  the  current 
scale  on  the  tube  characteristics.  If 
the  voltage  change  on  the  tube  char¬ 
acteristics  corresponding  to  a  100 
volt  change  on  the  relay  characteris¬ 
tic  is  Et,  and  if  It  is  the  plate  cur¬ 
rent  variation  of  the  tube  character¬ 
istics  corresponding  to  a  relay  cur¬ 
rent  change  of  100  milliamperes, 
then  the  .scale  multiplying  factor  will 


lay,  showing  the  magnetomotive  force 
plotted  as  a  function  of  relay  cur¬ 
rent  and  voltage  on  rectangular  co¬ 
ordinates,  are  rectangular  hyperbolas 
giving  loci  of  equal  ampere-turns. 
The  characteristics  of  rectangular 
hyperbola*  are  such  that  a  change  of 
scale  does  not  change  their  relative 
shapes,  and  it  is  this  property  which 
permits  us  to  superimpose  the  relay 
and  tube  characteristics  even  though 
the  scales  may  be  dissimilar.  By 
changing  the  scale  of  the  hyperbolas 
of  Fig.  2,  using  Eq.  (3)  for  deter¬ 
mining  the  conversion  ratio,  the  same 
hyperbolic  curves  can  be  used  to  de¬ 
termine  the  power  output  of  the  tube 
under  operating  conditions. 

The  method  of  using  Fig.  2  in  con¬ 
nection  with  tube  static  characteris¬ 
tics  depends  upon  having  a  copy  of 
Fig.  2  to  a  scale  suitable  for  use  with 
tube  characteristics,  plotted  on  some 
transparent  medium.  It  is  essential 
that  the  voltage  and  current  scales  on 
this  transparent  scale  be  evident, 
since  they  must  be  compared  with  the 
equivalent  scales  of  the  tube  charac¬ 
teristics  in  order  to  determine  the 
proper  multiplying  factors.  In  using 
this  chart  it  has  been  found  useful  to 


F  =  100  =0.01  pi  (7) 

where  F®  and  Ft  are,  respectively  the 
voltage  and  current  multiplying  fac¬ 
tors,  and  P  is  power  in  watts.  An 
example  will  make  this  clear. 

If,  as  shown  in  Fig.  3,  100  milli¬ 
amperes  on  the  relay  characteristic 
corresponds  to  1%  milliamperes  on 
the  tube  characteristic,  the  current 
.scale  factor  will  be  Ft  =  196/100  or 
1.96.  Similarly,  if  198  volts  on  the 


*  See  any  book  on  analytical  geometry  or 
“Mathematica  for  Engineers"  bv  Kaymond  W. 
I>iill  for  properties  of  byperbolas. 


Fig.  .J  Superposition  of  a  transpnrent  droning  of  Fig.  2  on  the  static  charac¬ 
teristics  of  the  61.6.  The  origin  of  the  relay  curve  corresponds  to  the  operating 
-  —  -  -  -  point,  Eb  =  400,  ly  =  0. 

/I  TT  fJJJTT  T  The  dotted  line  is  the 

j  /  I  I  I  I  I  1 1  I  load  line  for  maximum 

j  //  I  I  I  I  I  I  II  power  output  assuming 

/  ///////I  the  grid  voltage  may  go 
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that  the  wave  form  will  be  preserved 
if  the  phase  angle  is  proportional  to 
frequency,  or  in  other  words,  if 
there  is  a  uniform  phase  delay  for 
all  frequencies.  The  phase  delay  T 
in  terms  of  frequency  f  in  mega¬ 
cycles  and  phase  angle  <f>  is: 

^  ~  360X/~ 

The  total  phase  delay  probably  is 
not  important  as  long  as  all  pulses 


poor  transient  response.  However, 
one  may  reason  that  picture  detail 
necessitating  frequency  components 
up  to  2.5  Me.  would  lose  resolution 
if  the  2.5  Me.  component  were 
shifted  90“  greater  than  the  tenth 
subharmonic  component.  This 
would  limit  the  permissable  varia¬ 
tion  in  phase  delay  to  0.1  micro¬ 
second  over  a  frequency  band  of 
ten  to  one.  This  is  a  mo.st  stringent 
requirement  for  an  overall  system, 


Fig.  4- — Phase  response  curves  corresponding  to  the  amplitude  response 
curt^es  of  Fig.  3.  Curve  C,  being  most  linear,  represents  a  desirable 

condition 


Fig.  5 — Phase  delay  curves  of  Fig,  4  reduced  from  degrees  to  microsec- 
onds,  showing  that  up  to  ten  stages  may  be  used  without  exceeding  the 
O.l  microsecond  limit 


and  video  signals  are  delayed  the  especially  in  r-f  and  i-f  stages,  but 
same,  whether  transmitted  through  not  difficult  for  a  single  video  stage, 
the  same  or  different  channels.  The 

permissable  variation  in  phase  delay  Transient  Response 

over  the  video  band  is  not  accur-  Since  preservation  of  wave  form 
ately  known.  Usually  any  signifi-  is  so  important  in  television,  it  fol- 
cant  variations  are  accompanied  by  lows  that  the  response  of  compo- 
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nents  of  a  television  system  to  im¬ 
pulse  excitation  is  important.  Poor 
transient  response  will  give  rise  to 
two  classes  of  effects, — loss  of  pic¬ 
ture  detail  and  annoying  disturb¬ 
ances.  The  latter  may  be  explained 
by  a  few  examples  which  are  usually 
most  likely  to  occur.  When  a  video 
amplifier  is  corrected  for  loss  of  high 
frequencies  by  haphazardly  adding 
inductance,  it  is  possible  that  this 
inductance  may  resonate  with  cir¬ 
cuit  capacities  near  the  video  band 
and  give  an  appreciable  circuit  Q. 
Impulse  excitation,  caused  by  signal 
components,  would  then  excite  this 
resonant  circuit.  The  picture  would 
then  show  bands  of  white  on  the 
trailing  edge  for  sudden  changes  of 
black  to  white  or  vice  versa.  If  dis¬ 
tortion  of  the  synchronizing  and 
blanking  pulses  occurs  so  that  the 
resultant  wave  travels  beyond  the 
zero  line,  as  shown  in  Fig.  1-b,  white 
lines  will  occur  in  the  picture  since 
this  is  the  region  of  picture  signals 
and  gives  increasing  brightness  in 
the  downward  direction.  Pulse  dis¬ 
tortion  may  also  give  poor  return 
trace  blanking,  especially  if  the 
frame  blanking  pulse  develops  a  tail. 
This  would  give  an  indefinite  top 
border  to  the  picture  and  also  cause 
a  vertical  line  to  become  skewed  if 
the  tail  were  long  enough  to  allow 
the  envelope  of  line  sync  pulses  to 
deviate  from  a  straight  line. 

High  Frequency  Response 

There  are  several  ways  of  design¬ 
ing  an  amplifier  to  give  satisfactory 
response  for  video  frequencies.  The 
circuit  shown  in  Fig.  2-a  has  the 
most  advantage"^  in  simplicity  and 
performance.  I't  is  merely  the  fa¬ 
miliar  resistance  coupled  amplifier 
with  inductance  L  added  to  counter¬ 
act  the  loss  of -higher  frequencies 
because  of  the  shunting  capacity  C. 
In  Fig.  2-b  the  equivalent  circuit 
for  the  high  frequencies  is  shown. 
These  frequencie.s  cover  the  band 
from  10  kc.  up  to  2.5  Me.  The  low 
frequency  response  and  filtering  will 
be  considered  later. 

The  capacity  C  represents  stray, 
tube  input,  tube  output,  and  feed¬ 
back  capacities.  In  using  screen 
grid  tubes  of  the  r-f  type  the  latter 
capacity  is  negligible;  furthermore 
the  plate  resistance  is  more  than 
100  X  ^  and  the  circuit  can  be 
treated  as  one  having  a  generator 
producing  a  current  ip  =  gmCg  and  a 
voltage  Bo  =  ipZ. 
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Video  Amplifier  Design 


Practical  data,  including  an  example,  for  the  design  of  wide-hand  amplifier  circuits, 
having  the  uniformity  of  frequency  and  phase  response  necessary  for  television  receivers, 
transmitters,  and  studio  equipment 


Fig.  1 — Wave-form  distortion  results  if  both  amplitude  and  phase  response 
are  not  correct.  Fig.  2 — Actual  and  equivalent  circuits  of  the  video  amplifier 


Z.  To  obtain  the  actual  gain  multiply  Z  by  g,^  and  by  Xg  value  at  highest 
frequency  {2.5  Me.) 


By  R  L.  FREEMAN  and 
J.  D.  SCHANTZ 

Farnsworth  Television  Inc.  of  Penna. 

A  VIDEO  amplifier  is  one  that  is 
responsive  to  picture  signals, 
and,  therefore,  is  an  extremely  good 
audio  as  well  as  a  very  wide  band 
radio  frequency  amplifier.  It  is  used 
in  the  studio  for  amplification  and 
for  impedance  matching  purposes; 
in  the  transmitter  for  amplification 
and  modulation;  in  the  receiver  for 
amplification,  and  often  times  in  all 
three  components  of  a  television  sys¬ 
tem  as  a  polarity  changer.  In  the 
design  of  such  an  amplifier  the  fre¬ 
quency  response,  phase  shift  and 
transient  response  must  be  consid¬ 
ered. 

Frequency  Response 

Although  television  in  the  United 
States  is  not  yet  commercialized  it 
is  practically  certain  that  the  stand¬ 
ards^  set  down  by  the  R.M.A.  Com¬ 
mittee  on  Television  will  be  adopted 
permanently.  These  standards  es¬ 
tablish  441  lines,  30  c.p.s.  frame  fre¬ 
quency,  4  to  3  aspect  ratio,  odd-line 
interlacing,  utilization  factor  of  0.8, 
and  a  6.0  Me.  channel  width  for 
transmitters.  With  this  set  of  stand¬ 
ards  the  upper  video  frequency  limit 
necessary  to  scan  a  pattern  of  ver¬ 
tical  bars  having  a  pitch  equal  to  the 
line  pitch  would  be  4.85  Me.  It  has 
been  found*  that  this  upper  limit 
is  not  necessary  when  equal  resolu¬ 
tion  is  to  be  obtained  for  both  the 
horizontal  and  vertical  directions. 
Equal  horizontal  and  vertical  reso¬ 
lution  is  obtained  when  the  upper 
frequency  limit  is  about  two-thirds 
of  that  calculated  from  the  bar  pat¬ 
tern.  This  would  require  an  upper 
limit  of  3.1  Me.  However,  the 
transmitter  channel  width  of  6.0  Me. 
would  necessitate  side  bands  of  2.5 
Me.  since  the  audio  channel  and 


guard  band  must  be  considered. 
Hence,  at  present,  2.5  Me.  will  be 
taken  as  the  upper  video  limit.  Ob¬ 
servation  has  indicated  that  a  maxi¬ 
mum  variation  in  response  of  about 
four  to  five  db.  for  the  whole  sys¬ 
tem  can  be  tolerated.  This  requires 


a  very  flat  response  for  any  one  am¬ 
plifier  stage. 

Phase  Response 

Television  requires  that  the  wave 
form  of  the  camera  signals,  syn¬ 
chronizing  pulses  and  blanking 
pulses,  be  preserved.  It  is  known 
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condition  near  the  point  where  in¬ 
sufficiently  damped  resonance  in  the 
band  might  occur.  One  stage  like 
this  may  not  cause  that  type  of 
trouble  but  several  stages  will  cer¬ 
tainly  lessen  the  image  resolution 
because  of  the  poor  phase  shift  re¬ 
sponse.  The  other  dotted  curve  rep¬ 
resents  a  condition  of  extremely 
good  phase  and  frequency  response 
for  one  set  of  values.  However,  this 
is  obtained  with  a  reduction  in  gain. 


ate  analysis  for  the  response  in  such 
cases  is  complicated.  An  approxi¬ 
mate  correction  for  the  previous 
analysis  can  be  used  by  formulating 
the  expression  for  Ra  in  parallel  with 
R  jXi  and  equating  the  real  and 
imaginary  components  to  a  new  pair 
of  parameters  r  +  jxj^.  This  is 
shown  in  Fig.  6.  Hence,  for  Ra= 
lOR,  or  r  =  .9R  and  for  a  choice  of 
R/Xc  =  1  we  would  actually  use  a 
circuit  value  of  R/Xc—  1.1. 


Fig.  9 — A  typical  video  stage  employing  a  plate  inductance  and  de¬ 
coupling  filter,  designed  from  the  methods  presented  in  this  article 


'Fig.  10 — Transient  response  to  a  blanking  impulse  lasting  0.0015  seconds 


Inasmuch  as  the  analysis  so  far 
only  applies  to  the  case  where  Ra  » 
^2  as  in  screen  grid  tubes,  consider¬ 
ation  may  be  given  to  other  tubes. 
The  pentode  and  beam  power  tubes 
are  excellent  video  amplifiers.  Here 
we  have  a  condition  where  Ra  is 
about  10  to  100  times  R.  An  accur- 


The  expression  for  *£,  would  likewise 
follow:  Xl  =  0.825 Al  and  for  a 

choice  of  — -  =  0.5  we  would  use  a 
Xc 

circuit  value  of  XJXe  =  0.61.  This 
would  give  an  error  of  less  than  3%. 

Since  the  gain  of  a  video  stage 
depends  on  the  value  of  Xo  at  maxi¬ 


mum  frequency  as  well  as  the  mutual 
conductance,  it  can  be  seen  the  fig¬ 
ure  of  merit  of  a  tube  as  a  video 
amplifier  is  the  ratio  of  mutual  con¬ 
ductance  to  interelectrode  capacities. 
The  table  (page  60)  gives  a  few  of 
the  tubes  having  a  high  figure  of 
merit.  The  acorn  tubes  are  well 
suited  for  low  level  studio  stages  as 
they  introduce  less  tube  noise.  For 
line  matching  amplifiers,  several 
tubes  in  parallel  are  employed  so  as 
to  prevent  excessive  loss  because  the 
plate  resistor  is  placed  at  the  far  end 
of  the  line  and  equals  the  character¬ 
istic  impedance  of  only  75-100  ohms. 
For  parallel  operation  the  gm.  and 
tube  capacities  are  multiplied  by  the 
number  of  tubes. 


Low  Frequency  Response 

A  good  video  amplifier  should  have 
a  low  frequency  gain  characteristic 
which  is  flat  and  which  is  free  from 
phase  distortion  at  the  lowest  de¬ 
sired  frequency.  Since  the  picture 
repetition  rate  is  thirty  per  second, 
it  is  obvious  at  once  that  it  is  neces¬ 
sary  to  have  the  amplifier  pass  fre¬ 
quencies  as  low  as  thirty  cycles  per 
second.  If  the  response  character¬ 
istic  is  flat  at  considerably  lower 
frequencies,  the  contrast  of  the  re¬ 
produced  picture  will  be  much  im¬ 
proved. 

The  equivalent  circuit  of  a  con¬ 
ventional  resistance-capacity  coupled 
amplifier  at  low  frequencies  is  shown 
in  Fig.  7.  The  desirability  of  using 
multi-electrode  tubes  in  video  am¬ 
plifiers  is  explained  in  the  section  on 
the  high  frequency  response.  An 
analysis  of  the  equivalent  circuit  will 
show  that  the  gain  at  low  frequencies 
is: 


G  =^Jiz=0mR 

egi 


a>  Rgi  Ce 


(4) 


The  phase  characteristic  will  be  seen 
to  be: 


<f>  =  COt^taCcRgl  (5) 

It  is  usually  advisable  to  filter  the 
plate  circuit  of  each  stage  of  a  re¬ 
sistance-capacity  coupled  amplifier  in 
order  to  avoid  trouble  from  coupling 
through  the  common  plate-supply 
source.  By  properly  proportioning 
this  network,  it  can  also  be  made  to 
compensate  for  loss  in  low  frequency 
response  brought  about  by  the  in¬ 
creasing  reactance  of  the  coupling 

(Continued  on  page  60) 
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The  grid  leak  resistance  Rgi  is  nec¬ 
essarily  large  compared  to  R  and  can, 
by  Thevenin’s  theorem,  be  combined 
in  parallel  with  the  plate  resistance 
Rp.  The  resultant,  Ra,  will  still  be 
large  enough  to  allow  the  use  of  the 
current  generator.  The  gain  in  the 

high  frequency  range  will  be  = 

c# 

QmZ  when  Z  represents  the  parallel 
circuit  of  capacitive  and  inductive 
branches.  The  magnitude  and  phase 
angle  of  Z  will  consequently  establish 
the  frequency  and  phase  response 
of  the  amplifier.  In  developing  the 
expression  for  Z  as  a  function  of 
Xl,  Xe,  and  R,  one  obtains  for  the 
magnitude  of  Z: 


,  ^  /  Xl^Xc'+R'Xc*  Y 

\R*+{XL-Xcy) 

and  for  the  phase  angle  of  Z: 

.  ,  .,R  ,  .1  Xl-Xc 
<t>  =  tan  *  tan  *  — ^ — 


(2) 

(3) 


It  has  been  found  that  certain  ra¬ 
tios  of  Xl  and  R  to  Xe  (values  taken 
at  the  highest  frequency,  namely, 
2.6  Me.)  give  flat  frequency  and 
linear  phase  responses. 

The  curves  of  Fig.  3  and  Fig.  4 
were  computed  from  the  above 
Equations  for  Z  using  as  parameters 
the  2.6  Me.  values  of  X^JXe  and 
R/Xc.  The  frequency  axis  rep¬ 
resents  the  range  up  to  2.6  Me., 
but  may  as  well  represent  any  range 
provided  the  ratio  X/,  to  R  to  Xe  is 
evaluated  at  the  maximum  frequency. 
For  example,  multiplying  the  ab¬ 
scissa  by  two  and  using  the  same 
reactance  and  resistance  ratio  would 
give  the  response  of  an  amplifier 
passing  up  to  6  Me.;  naturally,  L 
and  C  are  then  calculated  from  the 
6  Me.  values  of  Xjr,  and  Xe.  Since 
Xe  would  be  half  as  much  as  at  2.6 
Me.  R  would  be  half  as  great  to 
maintain  the  ratio,  and  the  gain 
would  be  half  that  obtained  for  2.6 
Me.  design.  It  has  been  found  that 


the  ratio  of  =  i  gives  the  best 

compromise  between  gain  and  toler¬ 
able  response  distortion.  Conse¬ 
quently,  for  this  ratio  there  are  sev¬ 
eral  curves  drawn  for  various  values 


of  the  ratio  of  from  0.9  to  2.0. 
Xc 

Any  of  this  family  gives  a  satisfac¬ 
tory  transient  response.  It  will  be 


noted  that  for — -  =i  resonance  oc- 
Xe 

curs  at  2.6  V  2  Me.  and  the  Q  is  less 
than  unity.  It  will  be  noted  that 
the  best  frequency  response  is  ob- 
R 

tained  for  _  =  1  or  0.9,  the  latter 
Xe 


being  desirable  to  compensate  for 
r-f  circuit  side  band  attenuation. 
However,  the  most  linear  phase  re¬ 
sponse  is  obtained  when  =  1.2. 

Xc 


quency  band.  The  studio  and  trans¬ 
mitter  amplifiers  usually  contain 
about  sixteen  stages  for  a  1  KW 
transmitter,  taking  into  account  line 
matching  amplifiers.  The  receiver 
will  have  either  zero  or  two  stages; 
hence  the  variation  in  delay  may 
become  considerably  greater  than 
the  stated  limit.  By  using  elec¬ 
tron  multipliers*  much  higher  stage 
gains  can  be  obtained  with  appre¬ 
ciable  reduction  in  interstage  net¬ 


iFif.  6 — Equivalent  circuits  when  is  only  10  to  100  times  as  great  as  the 
load  resistance,  as  in  pentode  and  beam-power  tubes 


Fig.  7 — Equivalent  circuit  parameters  for  low  frequency  response  of  the 
video  am^ifier.  Fig.  8 — Circuit  including  filter  Cf,  to  avoid  coupling 
through  the  common  plate  supply 


In  Fig.  6  a  few  of  the  curves  of 
Fig.  4  have  been  converted  to  phase 
delay  as  a  function  of  frequency. 
From  this  figure  we  can  see  that  up 
to  10  stages  can  be  used  without 
exceeding  the  previously  established 
limit  of  0.1  microsecond  for  varia¬ 
tion  of  delay  in  a  ten  to  one  fre¬ 


works  and  their  attendant  phase  dis¬ 
tortion. 

The  dotted  curves  of  Fig.  3  indi¬ 
cate  the  performance  that  is  obtained 


for  one  case  that  might 


be  used  inadvisably  in  trying  to  aug¬ 
ment  the  highs.  It  represents  a 
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Radio  Tube  Noise 


Tubes  make  radio  receivers  possible.  But  in  addition  to  their  desired  contributions  of 
amplification,  detection,  rectification,  they  often  add  their  quota  to  what  the  layman 
labels  as  “static” 


SINCE  the  commercialization  of 
screen  grid  tubes,  sensitivities 
of  radio  receivers  have  been  greatly 
increased.  Receivers  of  good  qual¬ 
ity  are  now  designed  for  maximum 
sensitivities  ranging  in  different 
t)T)e8  from  1  to  20  microvolts.  How¬ 
ever,  the  problem  of  background 
noise  has  been  an  undesirable  accom¬ 
paniment.  A  considerable  amount  of 
this  noise  is  introduced  by  slight 
electrical  fluctuations  in  the  tubes. 
The  effect  of  tube  noise,  due  to  the 
shot  effect,  gas  ionization,  x-rays  and 
secondary  emission  on  the  ultimate 
sensitivity  of  an  amplifier,  has  been 
considered  elsewhere,  *-*•*.  In  addi¬ 
tion  to  these  sources  of  noise,  other 
electrical  or  mechanical  variables 
in  the  tubes  may,  when  present,  set 
up  disturbances  of  an  even  higher 
order  of  magnitude*. 

Tube  noise  of  this  type  is  sim¬ 
ilar  in  character  to  that  occasioned 
by  a  microphonic  connection  or  by 
atmospherics.  The  most  common 
examples  are  intermittent  crashes  oc¬ 
curring  when  the  tube  undergoes  vi¬ 
bration  and  sustained  hissing,  or 
squealing  sounds  ranging  from  mere 
audibility  to  an  intensity  sufiicient 
to  destroy  reception  from  local  broad¬ 
casters.  Fortunately,  due  to  inten¬ 
sive  investigation  of  the  causes  of 
noise,  manufacturers  have  been  able 
to  work  out  processing  methods 
which  have  greatly  reduced  the 
earlier  serious  trouble. 

The  more  important  tube  defects 
responsible  for  this  class  of  noise 
are: 

1.  Variable  electrical  leakage  de¬ 
posits. 

2.  The  presence  of  conducting 
threads  of  carbonaceous  material 
lodged  between  elements. 

3.  Variable  or  sliding  contact  be¬ 
tween  metal  parts,  nominally  at  the 
same  potential. 

4.  Poor  welding  of  the  elements 
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to  their  lead  wires  and  intermittent 
short  circuits  between  elements. 

5.  Mechanical  vibration  of  ele¬ 
ments. 

I.  Variable  Electrical  Leakage  Deposits 

Variable  electrical  leakage  is  a 
prolific  source  of  trouble  and  it  is 
probably  the  most  difficult  to  elim¬ 
inate.  The  tube  elements  must,  of 
course,  be  mechanically  supported. 
Consideration  of  cost,  ruggedness 
and  uniformity  have  led  to  the  adop¬ 
tion  of  insulating  spacers,  usually 
made  of  mica,  or  a  ceramic  material 
of  high  resistivity  (Fig.  3).  Cal¬ 
culations  on  a  type  42  tube  with 
mica  spacers  give  values  of  3.8x10* 
ohms  between  cathode  and  control 
grid  and  12x10^  ohms  between  the 
control  and  screen  grids,  considering 
the  path  through  the  mica  at  oper¬ 
ating  temperatures.  Actual  meas¬ 
urements  on  type  42  tube  processed 
under  conditions  conducive  to  forma¬ 
tion  of  leakage  film  give  average 
values  of  the  same  order  of  magni¬ 
tude  as  those  calculated  with  the  ex¬ 
ception  that  an  occasional  tube  may 
show  an  interelectrode  conductance 
1,000  or  10,000  times  greater  than 
normal.  However,  a  test  of  these 
tubes  with  a  group  which  have  been 
normally  processed  shows  nearly  all 
of  the  former  to  be  very  noisy  in 
comparison  with  the  latter.  This 
observed  fact  was  puzzling  because 
oscillographic  observations  on  most 
tubes  of  the  former  type  did  not  in¬ 
dicate  the  presence  of  any  instan¬ 
taneous  leakage  values  which  might 
cause  noise  yet  not  continue  long 
enough  to  actuate  a  microammeter. 
Subsequent  investigation  resulted  in 
two  explanations  for  noise  due  to 
conductive  deposits : 

A.  Noise  may  be  caused  by  a  meas¬ 


urable  leakage  path  of  fluctuating 
resistance  between  one  or  more  ele¬ 
ments  in  the  tube.  Since  the  ele¬ 
ments  are  generally  in  series  with 
high  resistances,  fluctuations  in  leak¬ 
age  will  produce  fluctuations  in  elec¬ 
trode  voltages  which  are  manifested 
as  an  audio  disturbance.  In  addi¬ 
tion,  shock  excited  oscillations  are 
evidently  produced  in  the  radio  fre¬ 
quency  circuits.  The  leakage  must 
be  rather  severe,  however,  for  this 
type  of  noise  to  become  troublesome. 

B.  Noise  may  be  caused  by  inter¬ 
mittent  or  fluctuating  contact  of  tube 
elements  against  isolated  patches  of 
conductive  deposits.  These  deposits 
are  the  same  as  those  present  when 
there  is  measurable  leakage  between 
elements,  the  only  difference  being 
that  the  direct  path  has  been  broken 
into  sections  so  that  no  current  flow 
can  be  observed.  This  class  of  leakage 
noise  is  particularly  serious  in  radio 
frequency  tubes  and  is  more  gener¬ 
ally  encountered  than  the  class  noted 
above.  The  mechanism  of  noise  pro¬ 
duction  is  due  to  the  phenomena  to 
be  described  under  “Variable  Or 
Sliding  Contact  Between  Metal 
Parts.” 

Figure  2  shows  the  result  of  pass¬ 
ing  high  voltage  sparks  between  ele¬ 
ments  over  the  insulator  surface  in 
tubes  with  high  leakage.  The  sparks 
have  broken  up  the  extremely  thin 
conducting  film  on  the  spacers.  Fig. 
1  shows  an  interesting  relationship 
of  leakage  currents  in  an  artificially 
applied  thin  film.  The  curve  of  leak¬ 
age  current  versus  applied  voltage 
for  a  strip  of  clean  mica  is  linear. 
A  thin  film  of  nickel  evaporated  on 
this  mica  caused  the  relationship  to 
become  exponential.  The  curve  taken 
on  a  type  42  tube  known  to  have 
electrical  leakage  is  similar  to  that 
of  the  nickel  film  on  mica. 

It  is  of  interest  to  summarize  the 
more  common  causes  of  film  forma¬ 
tion.  These  are : 
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(a)  Distillation  of  nickel  from  the 
cathode,  due  to  abnormal  tempera¬ 
ture  during  exhaust. 

(b)  Distillation  of  material  from 
other  metal  parts  in  the  tube  which 
may  have  been  raised  to  an  abnormal 
temperature  by  the  high  frequency 
induction  furnace  during  exhaust. 

(c)  Distillation  of  a  conducting 
hydrocarbon  residue  left  after  par¬ 
tial  decomposition  of  oils  during  ex¬ 
haust.  A  small  amount  of  oil  may 
remain  on  metal  parts  after  fabrica¬ 
tion  which  may  not  be  properly 
cleaned  thereafter.  Perspiration 
from  the  hands  of  the  mounting  op¬ 
erators  sometimes  causes  trouble. 

(d;  Metallic  deposits  from  con¬ 
densation  of  the  “getter”  material 
(magnesium  or  barium)  vaporized 
just  before  sealing  off  the  tube. 

(e)  Distillation  of  impurities  of 
relatively  low  vaporization  tempera¬ 
tures  from  the  metal  parts. 

(f)  Deposit  of  conducting  residue 
resulting  from  incomplete  decompo¬ 
sition  during  exhaust  of  organic 
binder  used  in  the  cathode  coating. 

(g)  Distillation  of  barium  or 
.strontium  and  barium  and  strontium 
oxides  from  cathode  coating. 

(h)  Deposit  of  carbon  or  of  a  con¬ 
ducting  hydrocarbon  formed  by  dis¬ 
tillation  and  decomposition  of  the 
carbonaceous  material  on  the  sur¬ 
face  of  a  carbonized  plate.  A  consid¬ 
erable  amount  of  hydrocarbon  com- 
IK)unds  is  mixed  with  the  carbon  on 
the  plate.  The  high  temperatures  of 
exhaust  probably  crack  them,  the  re¬ 
sult  of  the  reaction  condensing  as  a 
conducting  film. 

( i)  Sputtering  off  of  easily  remov¬ 
able  oil  contamination  from  the 
grids,  during  aging. 

Leakage  is  largely  controlled  by 
exhaust  and  aging  processes  and  by 
the  preliminary  processing  of  tube 
parts.  It  may  be  minimized  most 
easily  by  suitable  adjustments  of 
these  processes.  The  surface  appli¬ 
cation  to  the  insulating  spacers  of  a 
finely  divided  ceramic  such  as  alumi¬ 
num  oxide  is  also  effective.  In  the 
case  of  mica  spacers,  mechanical 
scoring  of  the  surface  by  means  of 
a  scratch  brush  is  also  helpful. 

Noises  due  to  electrical  leakage 
are  apparently  created  by  radio  fre¬ 
quency  disturbances  set  up  either  in 
the  film  or  more  probably  at  the 
microphonic  contact  between  the  film 
and  adjacent  element  supports.  If 


Set-up  for  discovering  noises 
in  tubes  prior  to  shipment 


such  tubes  are  placed  in  the  1st  r-f 
socket  of  a  radio  receiver,  it  is  found 
that  the  application  of  a  carrier  sig¬ 
nal  causes  relatively  little  increase 
in  the  noise.  If  the  cause  were  due 
directly  to  modulation  of  the  carrier 
by  changes  in  leakage  occurring  at 
an  audio  rate,  we  would  expect  the 
noise  to  increase  in  proportion  to  the 
carrier  voltage,  up  to  the  point 
where  the  carrier  is  modulated  100 
per  cent. 

II.  Conducting  Carbonaceous  Threads 
Between  Elements 

The  next  cause  of  noise  is  the 
presence  of  threadlike  bits  of  con¬ 
ducting  material  in  contact  with  one 
or  more  active  tube  elements.  In  a 
case  of  this  kind,  the  conducting 
thread  may  carry  sufficient  current 


to  be  raised  to  incandescence  by  the 
applied  voltages  so  that  it  glows  like 
the  filament  in  a  carbon  lamp.  If 
the  tube  is  jarred  slightly  the  glow 
will  often  change  in  intensity  with 
an  accompanying  change  in  the  noise 
from  the  speaker.  Incandescence  be¬ 
comes  noticeable  when  a  minimum  of 
about  15  volts  is  applied  to  the  ele¬ 
ments  contacted  by  the  thread.  The 
amount  of  current  required  to  pro¬ 
duce  this  effect  generally  lies  be¬ 
tween  10  and  50  milliamperes.  If 
the  current  increases  further  the 
thread  will  bum  out.  In  case  the 
conducting  material  is  lodged  be¬ 
tween  the  control  grid  and  cathode, 
the  high  series  resistors  in  the  grid 
circuit  will  limit  the  current  below 
the  glow  point  but  the  production  of 
noise  will  be  just  as  serious. 
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Investigation  has  shown  these 
threads  to  be  bits  of  carbonized  lint. 
The  air  circulating  through  the  tube 
factory  carries  in  suspension  small 
quantities  of  light  woolen,  cotton  or 
paper  threads  of  which  a  large 
amount  comes  from  the  operators’ 
clothing.  To  determine  the  source, 
glass  plates  coated  with  a  thin  oil 
film  were  placed  in  each  department 
of  a  tube  factory  and  the  number 
of  threads  settling  upon  the  oil  were 
counted.  The  air  outside  the  plant 
was  found  to  be  nearly  free  of  lint, 
while  the  greatest  concentration  oc¬ 
curred  in  the  mount  department, 
where  a  large  group  of  girl  opera¬ 
tives  work. 

The  longer  of  these  threads  occa¬ 
sionally  catch  between  the  grids  of 
a  mount  during  assembly.  When 
^e  mount  is  exhausted,  the  intense 
heat  carbonizes  the  material  which 
then  becomes  a  high  resistance  con¬ 
ductor. 

Various  means  have  been  tried  in 
attempting  to  eliminate  this  diffi¬ 
culty  such  as  the  use  of  air  jets  to 
blow  the  lint  away,  vacuum  suction 
devices,  or  a  tiny  fiame  to  burn  it 
up,  before  the  mount  is  exhausted. 
Probably  the  most  successful,  how¬ 
ever,  is  the  application  of  high  volt¬ 
age  between  tube  elements,  which 
fuses  the  carbonized  lint.  Another 
effective,  although  expensive,  method 
of  filtration  is  by  circulating  air  in 
the  mount  department. 

The  presence  of  such  carbonaceous 
material  between  elements  in  a  radio 
tube  gives  rise  to  extremely  loud 
and  disagreeable  frying  or  crashing 
sounds.  If  the  resistance  of  the 
conducting  path  is  sufficiently  low, 
the  tube  may  be  rendered  completely 
inoperative,  and  apparently  dead,  al¬ 
though  this  is  seldom  the  case. 

The  microphonic  nature  of  the  con¬ 
tact  between  the  light  carbon  fila¬ 
ment  and  the  grid  wires  may  give 
rise  to  high  frequency  radiations 
which,  in  addition  to  the  sizeable 
irregular  voltages  across  the  high 
series  resistors  in  the  radio  set,  ac¬ 
count  for  the  severity  of  this  type 
of  tube  noise. 

III.  Variable  or  Sliding  Contact  Be¬ 
tween  Metal  Parts 

In  this  category  is  considered  the 
production  of  noise  by  variable  con¬ 
tact  of  metal  parts  or  surfaces  nom¬ 
inally  at  the  same  potential,  or  hav¬ 
ing  no  exterior  connection.  For  ex- 
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ample,  one  of  the  metal  eyelets  which 
would  normally  be  welded  to  the 
plate  support  (Fig.  3)  might  be¬ 
come  loosened.  It  will  be  noted  that 
it  is  not  intended  that  this  eyelet 
carry  any  current  and  that  its  move¬ 
ment  does  not  open  or  close  any 
circuit  associated  with  the  tube.  It 
is  nominally  at  plate  potential.  Since 
it  is  still  held  in  position  by  the 
mica  spacer,  a  slight  vibration  will 
cause  it  to  slide  up  and  down  on  the 
support.  On  account  of  the  micro¬ 
scopic  surface  irregularities  of  the 
eyelet  and  support  wire,  any  current 
flowing  between  the  two  varies  in 
strength  at  audio  and  at  radio  fre¬ 
quencies.  If  the  eyelet  gains  a  slight 
charge  from  stray  electrons  from 
the  cathode  for  instance,  then  its 
discharge  to  the  support  wire  will 
be  interrupted  by  the  variable  con¬ 
tact,  with  resultant  introduction  of 
radio  frequency  impulses  in  the  plate 
circuit,  in  this  case.  These  dis¬ 
charges  apparently  occur  in  the  form 
of  a  series  of  damped  oscillations. 
It  is  improbable  that  the  contact 
potentials  of  the  two  pieces  of  metal 


Fig.  1. — Leakage  in  artificially  made  films 


are  responsible,  since  the  effect  is  as 
pronounced  with  two  pieces  of  metal 
cut  from  adjacent  portions  of  a 
strip  or  wire. 

In  connection  with  an  investigation 
of  this  phenomena,  an  experimental 
testing  device  has  been  made  which 
permits,  within  limits,  the  localiza¬ 
tion  of  the  tube  element  carrying 
the  loose  part,  without  opening  the 
tube.  This  consists  of  a  socket  for 
the  tube  under  test,  wired  to  a  series 
of  low  capacity  switches  which  will 
connect  each  tube  element  indepen¬ 
dently  either  to  a  common  ground 
bus  or  to  the  antenna  post  of  a  sensi¬ 


tive  radio  receiver.  All  wiring  must 
be  thoroughly  shielded,  or  interwire 
pickup  will  result  and  it  will  be  im¬ 
possible  to  determine  which  element 
the  fault  is  on.  A  noisy  tube  is  in¬ 
serted  in  the  test  socket  and  the 
tube  jarred.  If  there  is  a  loose  part 
present,  capable  of  causing  noise 
in  a  radio  receiver,  the  same  noise 
will  issue  from  the  radio  set  to 
which  the  device  is  connected.  By 
connecting  each  element  in  turn  to 
the  antenna  po.st  of  the  receiver,  at 
the  same  time  grounding  all  the  re¬ 
maining  elements,  the  noise  will  in 
general  appear  only,  or  be  much 
louder,  in  connection  with  the  ele¬ 
ment  with  the  loose  part.  Two  ex¬ 
ceptions  are  loose  parts  on  either  the 
plate  or  screen  grid,  and  the  case  of 
a  getter  cup  touching  the  flash.  In 
the  former  case,  the  large  area  of  the 
screen  grid  (with  the  outer  cage 
often  connected  to  it)  and  the  adja¬ 
cent  plate  gives  rise  to  sufficient 
pickup  within  the  tube  so  that  a 
loose  part  on  either  one  will  cau.se 
about  the  same  amount  of  noise  to 
appear  on  both  elements.  The  getter 


Fig.  2  — Effective  use  of  sparks  to  reduce 
leakage 


cup  touching  the  flash  causes  noise 
to  appear  on  all  elements. 

IV.  Poor  Welding  of  the  Elements. 

Intermittent  Short  Circuits  Between 
Elements 

Nearly  all  parts  used  in  the  con¬ 
struction  of  a  radio  tube  are  spot 
welded  in  place.  Inasmuch  as  an 
average  of  25  welds  are  made  in 
each  tube,  it  is  necessary  to  guard 
carefully  against  poor  welding.  •  If  a 
poor  or  intermittent  contact  exists 
between  any  active  tube  element  and 
its  lead  wire,  the  voltage  on  that 
element  will  be  interrupted,  and  a 
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seriously  noisy  tube  will  result.  In 
connection  with  this  problem,  thyra- 
tron,  or  other  form  of  automatically 
timed  welding  is  extremely  helpful 
in  eliminating  as  many  as  possible 
of  the  variable  factors  controlling 
the  weld-  The  number  of  cycles 
through  which  the  welding  current 
flows,  the  strength  of  the  current, 
and  the  pressure  upon  the  weld 
should  as  far  as  possible  be  auto¬ 
matically  controlled. 

Usually,  a  poor  connection  of  this 
nature  or  an  intermittent  short  be¬ 
tween  elements  is  noted  through 
flickering  of  the  meters  on  the  tube 
tester.  However,  the  loose  contact 
or  short  circuit  may  be  present  for 
such  a  brief  interval  that  the  inertia 
of  the  meter  needle  prevents  it  from 
following  the  current  variation. 
Such  tubes  can  generally  be  found 
with  the  use  of  a  special  short  tester 
in  which  neon  glow  lamps  are  placed 
in  series  with  each  active  element. 
Any  defective  tubes  getting  by  this 


test  are  caught  by  a  test  for  noise 
in  a  radio  receiver  (See  photo¬ 
graph). 

V.  Mechanical  Vibration  of  Elements 
The  effect  of  mechanical  vibration 
of  the  elements  with  respect  to  one 
another,  at  a  definite  periodicity,  pro¬ 
duces  what  is  known  as  “micro- 
phonic”  noise.  Vibration  of  the  tubes 
in  a  receiving  set  by  sound  waves  in 
the  air,  or  in  the  chassis,  may  cause 
such  elements  as  are  not  tightly 
locked  in  place  to  vibrate  at  their 
own  natural  frequency.  During  the 
changes  in  position,  the  tube  charac¬ 
teristics  change  slightly  in  synchron¬ 
ism  with  the  vibrating  elements,  with 
the  result  that  an  a-c  component  is 
introduced  into  the  plate  current. 
The  usual  sources  of  trouble  are 
loose  cathodes  and  grids  in  the  case 
of  heater  type  tubes,  and  filament 
vibration  in  the  filament  types.  Early 
tubes  were  manufactured  with  a 
good  deal  of  clearance  between  the 


holes  in  the  insulating  spacers  and 
the  element  supports  passing  through 
them.  In  some  cases,  support  was 
obtained  by  melting  wires  into  a 
glass  bead. 

It  has  been  found  that  the  use  of 
rigid  supports,  together  with  the  re¬ 
duction  of  clearances  between  spacer 
holes  and  element  supports  to  2  or  3 
thousandths  of  an  inch  or  less  practi¬ 
cally  eliminates  microphonism. 

Detection  of  Noisy  Tubes  at  Factory 

Inspection 

It  is  probable  that  noisy  radio  tubes 
of  the  type  discussed  in  this  paper 
are  the  cause  of  more  real  annoyance 
to  the  consumer  than  any  other  tube 
defect.  For  this  reason  it  is  import¬ 
ant  to  eliminate  tubes  showing  any 
trace  of  noise. 

A  photograph  of  a  t3T)ical  fac¬ 
tory  noise  tester  is  given  here.  The 
noise  test  is  simply  a  sensitive  radio 
set  which  has  been  adapted  for  pro¬ 
duction  purposes.  The  automatic  vol¬ 
ume  and  tone  controls  have  been  elim¬ 
inated,  while  provision  has  been  made 
to  include  each  tube  element  cross  a 
load  so  that  no  matter  how  compli¬ 
cated  the  circuit  may  be  in  which  the 
tube  is  ultimately  used,  the  tube 
noise  will  have  been  inspected.  The 
noise  tester  is  thoroughly  shielded  by 
an  iron  case  from  interference  by 
electrical  equipment  operating  near 
it.  The  tube  under  test  is  put  in  a 
conveniently  placed  socket  which  has 
been  wired  by  means  of  shielded 
leads  to  that  part  of  the  circuit 
where  the  tube  under  test  would 
ordinarily  be  used.  A  movable 
shield  is  then  dropped  over  the  top 
of  the  tube,  and  the  tube  submitted 
to  mechanical  vibration.  Any  sign 
of  noise  is  sufficient  cause  for  re¬ 
jection.  In  case  the  test  set  is  in¬ 
stalled  on  the  manufacturing  floor 
or  other  physically  noisy  location,  a 
neon  light  is  connected  to  the  output 
in  addition  to  the  loud  speaker  for 
visual  indication.  The  circuit  is  then 
adjusted  so  that  both  speaker  and 
neon  lamp  operate  at  the  slightest 
sign  of  noise  from  the  tube  under 
test.  Input  sensitivities  are  ad¬ 
justed  to  5  microvolts  or  less. 

References: 

'  A  Study  of  Noise  in  Vacuum  Tubes  and 
Attached  Circuits,  F.  B.  Llewellyn,  Proc. 
I.R.E.,  February  19.30 — page  243. 

*  Fluctuation  Noise  in  Radio  Receivers. 
Stuart  Ballantine,  Proc.  I.R.E.,  August  1930 
— page  1377. 

*  Electronics,  September  19.30. 

*  The  investigation  described  in  this  paper 
was  carried  out  at  the  Hygrade  Sylrania 
Corporation,  Salem,  Mass. 
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A  photocell  headlight  analyzer,  stroboscopic  studies  of  loudspeaker  diaphragm  oscilla> 
tions,  an  a-c  voltage  regulator  using  874  tubes  on  the  line  side  of  the  transformer,  are 
among  this  month’s  tube  applications 


Self-Generating  Photocell  used 
In  Auto  Headlight  Testers 

A  COMPACT  INSTRUMENT  foT  measuring 
the  output  of  automobile  headlight 
lamps  has  recently  been  developed  by 
a  midwest  manufacturer.  The  device 
consists  of  a  funnel-shaped  reflector 
which  is  placed  against  the  lens  of  the 
headlight  and  a  self-generating  photo¬ 
cell  which  receives  the  light.  The 
output  of  the  cell  is  directed  to  a 
sensitive  microammeter  whose  dial  is 
divided  into  three  sections  indicating 
poor,  medium  and  good  illumination. 
This  device  checks  not  only  the  illumin¬ 
ation  of  the  lamp  itself,  but  also  the 
loss  of  illumination  due  to  dust  on  the 
reflector  and  on  the  lens  surfaces,  both 
of  which  reduce  lighting  efficiency  by 
as  much  as  50  per  cent. 

•  •  • 

Stroboscope  Aids  Dynamic 
Speaker  Design 

By  W.  O.  Rogers  i 

Central  Station  Div.  Westinghouse  Elec.  & 
Mfg.  Co.,  New  York 

The  stroboscope  has  long  been  recog¬ 
nized  as  an  aid  in  studying  the  cycle 
of  high  speed  re-occurrent  phenomena. 
To  date,  the  principle  field  of  applica- 


Studying  the  front  surface  of  a 
speaker  cone  in  action  by  means 
of  a  portable  Stroboglow 


tion  has  been  in  the  study  of  rotating 
bodies,  and  reciprocating  motions.  Re¬ 
cently,  interesting  applications  have 
been  made  in  the  study  of  vibrating 
bodies  such  as  diaphragms  of  horns 
and  cones  and  diaphragms  of  moving 
coil  microphones  and  dynamic  speakers. 

Coincident  with  refinements  in  radio 
transmitting  and  receiving  equipment 
and  circuits,  manufacturers  of  dynamic 
speakers  are  deep  in  research  to  in¬ 
sure  their  product  doing  its  part  to¬ 
ward  the  production  of  high  fidelity 
reproduction. 

In  this  research,  it  has  been  demon¬ 
strated  that  dynamic  speaker  dia¬ 
phragms  do  not  follow  a  sine  wave  dis¬ 
placement  when  fed  with  a  sine  wave 
signal  unless  the  speaker  is  perfect  in 
design,  manufacture  and  assembly.  In 
carrying  on  this  research,  a  portable 
stroboglow  unit  (see  Figure)  has 
proven  an  indispensable  tool.  The  buzz 
which  is  noticed  in  a  poor  quality  dy¬ 
namic  speaker  is  the  result  of  distortion 
of  the  reproducing  surface.  The  cause 
of  this  distortion  can  be  one  of  many 
which  may  be  revealed  by  a  stroboscopic 
inspection.  Non-uniform  construction 
of  the  cone  material  results  in  a  dis¬ 
torted  cone  surface  which  in  turn  re¬ 
sults  in  a  distorted  phase-displacement 
curve.  Such  construction  if  extreme  in 
character  might  result  in  rubbing  of 
the  voice  coil  ring  on  the  pole  of  the 
field  electro  magnetic  if  the  cone  is  con¬ 
structed  without  the  use  of  a  cone 
spider. 

Cracks  in  the  cone  surface  are  re¬ 
vealed  under  the  stroboscopic  inspection 
which  otherwise  could  not  be  detected 
as  the  cone  surface  appears  perfect 
when  at  rest.  Loose  parts,  such  as  dust 
cups,  voice  coil  loops,  spiders,  etc.,  can 
be  observed  and  steps  taken  to  remedy 
the  conditions  causing  these  defects. 
Short  voice  coil  leads  restrict  the  full 
travel  of  the  cone  while  long  loops 
may  cause  vibration.  Either  of  these 
conditions  are  immediately  identified  as 
a  possible  cause  of  distortion. 

The  frequency  of  the  applied  sine 
wave  signal  depends  on  the  point  of 
maximum  amplitude  of  cone  travel.  In 
large  speakers,  this  is  about  40  cycles 
per  second  while  in  smaller  speakers, 
this  frequency  may  be  as  high  as  200 
cycles.  Since  the  particular  strobo¬ 
glow  used  has  a  speed  of  flashing  rang¬ 
ing  between  500  and  10,000  per  min¬ 
ute,  it  was  readily  adjusted  to  give  a 
clear  image  of  the  vibrating  cone 
either  in  a  stationary  position  or  slowly 
moving  through  its  cycle  of  motion. 


Such  adjustments  instantly  reveal  the 
presence  of  any  mechanical  defects 
which  interfere  with  the  ultimate  per¬ 
formance  of  the  unit. 

Quality  control  in  manufacture  may 
be  attained  by  demonstrating,  before 


View  of  the  Stroboglow  used  in 
tests  described 


groups  of  the  factory  employees,  thi‘ 
results  of  these  defects  and  how  their 
individual  operations  influence  the  op¬ 
eration  of  the  completed  product. 

By  the  addition  of  a  suitable  phasi' 
shifting  device  and  a  calibrated  high 
powered  microscope,  curves  showinj; 
distortion  and  harmonic  content  may  ho 
plotted.  Such  research  can  ha/e  but 
one  result,  a  larger  demand  becaus«“ 
of  a  more  perfect  product. 

•  •  • 

A  Simple  A-C 
Voltage  Regulator 

By  G.  F.  Lampkin 

The  trend  toward  full  a-c  operation  of 
radio  equipment  has  been  very  definite 
since  the  introduction  of  the  226  and 
227-type  tubes  years  ago.  Laboratory 
and  test  equipment  have,  as  a  rule, 
lagged  behind  the  general  trend  be¬ 
cause  their  operating  requirements  are 
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STEREOSCOPIC  X-RAY  “SEES  AROUND”  OBSTRUCTIONS 


//>'  moving  an  x-ray  tube  and  the  photographic  film  in  opposite  directions  during  the  expo¬ 
sure,  Jean  Kiefjer  of  the  Connecticut  State  Tuberculosis  Hospital  has  succeeded  in  recording 
objects  in  one  plane  only.  The  box  at  the  right  when  photographed  ordinarily  shows  the  image 
both  of  the  bars  and  the  cube  (left,  above),  but  with  the  new  apparatus,  only  the  cube  is 
recorded.  Hy  this  means  it  is  possible  to  photograph  parts  of  the  body  normally  obscured  by 
bones,  etc.,  which  have  never  been  seen  except  in  post-mortem  dissection 


much  more  stringent.  In  the  case  of 
the  vacuum-tube  voltmeter,  for  in¬ 
stance,  full  a-c  operation  is  attended 
with  difficulties  due  to  line  voltage 
fluctuations.  This  difficulty  applies 
^■qually  well  to  other  classes  of  equip¬ 
ment  such  as  precision  oscillators, 
frequency  meters,  signal  generators, 
analyzers,  and  so  on. 

The  regulating  scheme  detailed  here¬ 
in  is  applicable  to  power  units  which 
are  a  source  of  plate  current,  or  of 
both  plate  current  and  filament  cur¬ 
rent.  Plate  powers  upwards  of  30  ma. 
at  200  volts  d-c,  plus  filament  loads 
of  five  watts,  may  be  controlled.  The 
method  utilizes  two  neon  regulator 
tubes  of  the  874  type,  connected  back 
to  back  across  the  power  transformer 


on  the  total  load  connected  to  the  The  system  is  simple  to  put  in  oper- 

transformcr.  A  light  load  can  be  ation,  and  for  parts  requires  only 

regulated  over  a  wider  range  of  a-c  standard  items  readily  available  on  the 

supply  voltage  than  can  a  heavy  one,  market.  The  resultant  r-m-s  voltage 

the  limiting  factor  being  the  safe, 
rated,  current  on  the  874  type  tubes. 

The  theory  of  operation  of  the  neon 
regulator  tubes  on  d-c  is  rather  well 
known.  The  bulb  has  a  very  flat  voltage 
characteristic.  The  voltage  across  its 
terminals  does  not  vary  more  than 
one  or  two  volts  from  an  average  of 
90,  as  the  current  changes  from  a  low- 
value  up  to  the  rated  maximum  of  50 
ma.  When  placed  across  the  output 
of  a  B-eliminator  the  tube  simply  soaks 
up  any  excess  current  which  might 
tend  to  flow,  either  because  of  a  higher 
line  voltage  or  an  easier  external  load 
on  the  d-c  side.  By  drawing  the  ex¬ 
cess  current  through  the  resistances 
of  rectifier  and  filter,  the  impressed 
voltage  is  dropped  to  the  nearly  con¬ 
stant  value  of  90  volts  at  the  regulator 
tube. 

The  regulator  tubes  may  be  oper¬ 
ated  in  series  across  the  d-c  output  of 
the  eliminator  to  control  the  voltage 
at  multiples  of  90;  i.e.,  two  tubes  for 
180  volts,  three  tubes  for  270  volts, 
etc.  An  advantage  of  regulating  with 
the  tubes  on  the  a-c  side  is  that  the  d-c 
voltage  is  not  limited  to  multiples  of 
90,  but  may  be  any  desired  interme- 
primary.  A  regulating  resistance  is  diate  value;  and,  with  only  two  tubes, 

connected  in  the  a-c  supply  ahead  of  d-c  potentials  as  high  as  400  or  500 

the  neon  tubes.  The  idea  is  outlined  volts  may  be  stabilized.  Another  ad- 

in  the  circuit  diagram  showm  on  Fig.  vantage  of  the  a-c  regulation  method  is 

2.  The  spread  of  line  voltage  over  that  the  filament  supply  as  well  as  the 

which  the  method  is  effective  depends  B  supply  is  smoothed  of  fluctuations. 


874 Ignition  1 
point  1 


Rated  lood  on  \ 
874's-^ 


145  ohms 


AC  line  voltage 7 
Peak  •  162  v 
PM.S.  -  ns  V. 

Voltage  on  tra/K  former 
Ignition  voltage  •/?/ 
^^Operating  voltage  •  90 


Line  Voltage. Eac 


Fig.  2 — Diagram  and  performance 
characteristics  of  power  pack 


Second  hatf-cyde  is 
similar  to  the  first 


on  the  transformer  is  such  that  the 
usual  5-volt  and  2.5-volt  filament  wind¬ 
ings,  connected  in  series,  will  give 
close  to  6.3  volts.  It  is  advisable  to 
use  the  6.3-volt  tubes  because  of  the 
lower  power  requirements  for  their 
heaters.  The  same  filament  source  of 
6.3  volts  will  suffice  to  light  the  recti¬ 
fier  tube  and  the  radio  tubes  in  the 
laboratory  or  test  equipment.  This  is 
(Continued  on  page  36) 


Fig.  1 — Approximate  waveform  of 
voltage  applied  to  transformer, 
using  874  tubes  as  regulators 
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NEW  BOOKS 


Fundamentals  of 
Vacuum  Tubes 

BY  AUSTIN  V.  EASTMAN,  Assistant 
Professor  of  Electrical  Engineering, 
University  of  Washington.  McGraw- 
Hill  Book  Co.,  New  York,  19S7.  (J^SS 
pages,  illustrated,  price  $4.00) 

Unless  one  is  accustomed  to  use  the 
words  “vacuum  tubes”  as  a  generic 
term  for  vacuum  and  gas  filled  diodes, 
triodes,  tetrodes,  pentodes,  photosensi¬ 
tive  devices,  as  well  as  for  cathode  ray 
tubes  and  magnetrons,  there  is  likely  to 
be  a  feeling  that  the  title  selected  by 
Prof.  Eastman  is  not  sufficiently  broad 
and  inclusive  to  do  justice  to  this  new 
text  on  cubes.  The  book  is  much  more 
than  a  text  on  vacuum  tube  funda¬ 
mentals  and  fulfills  in  an  excellent 
manner  the  author’s  intent  of  combin¬ 
ing  in  “a  single  text  the  basic  theory 
underlying  the  operation  of  all  types 
of  modern  tubes,  both  radio  and  in¬ 
dustrial,  together  with  their  more 
common  applications.”  The  industrial 
and  communication  applications  are 
presented  in  an  unusually  well  bal¬ 
anced  selection  of  material.  Thus  the 
industrial  engineer  will  find  as  much 
material  for  his  use  as  the  communi¬ 
cation  engineer,  and  this  one  volume 
should  find  a  place  in  the  libraries  of 
those  who  desire  a  general  background 
on  tube  matters  without  specializing 
too  much  in  either  field. 

The  book  is  a  serious  work,  and  an 
excellent  geometrical  mean  between  the 
elementary  tube  books  and  the  exten¬ 
sive  reference  works  such  as  that  by 
Chaffee.  The  text  is  designed  espe¬ 
cially  for  senior  students  in  electrical 
engineering,  but  will,  no  doubt,  also 
prove  useful  to  the  practicing  engineer. 
Bessel  functions  are  mentioned  but  not 
discussed  and  little  calculus  (limited 
usually  to  the  maximization  of  one 
quantity  with  respect  to  another)  is 
used.  Therefore  as  far  as  mathemat¬ 
ical  difficulty  is  concerned  any  senior 
electrical  student  should  be  able  to 
read  95%  of  the  book  at  sight  with 
only  mental  checks  on  the  equations 
employed.  At  the  same  time  lack  of 
extensive  use  of  higher  mathematics 
has  not  resulted  in  lack  of  rigor,  for 
the  author  has  managed  to  present  the 
essential  concepts  in  a  straightforward 
and  unusually  clear  manner.  In  a  con¬ 
siderable  number  of  cases  the  concepts 
are  developed  in  a  manner  different 
from  the  usual  treatment,  and  it  ap¬ 
pears  that  the  final  results  have  been 
obtained  more  directly  and  with  less 
labor  than  with  the  more  usual  meth¬ 
ods  of  approach.  The  essential  as¬ 
sumptions,  limitations,  and  concepts 
are  clearly  stated,  the  more  important 
equations  are  indicated  by  means  of 
an  asterisk,  and  a  number  of  very 


practical  problems  are  given  without 
answers.  These  pedagogical  tricks  of 
the  trade  are  likely  to  be  appreciated 
by  the  student  and  will  save  the  time 
of  those  using  the  book  for  reference 
work. 

Unfortunately,  it  is  necessary  to  re¬ 
port  that  a  number  of  errors  exist, 
such  as  the  statement  on  page  170  that 
periodic  changes  of  10  to  15  per  second 
represent  direct  currents,  the  incorrect 
labelling  of  grid  voltage  on  a  diagram 
purporting  to  represent  diode  operation 
on  page  313,  and  a  number  of  inaccur¬ 
ate  current  wave  forms  in  some  of  the 
high  vacuum  rectifier  circuits  of  Chap¬ 
ter  IV.  In  a  few  cases  the  text  might 
have  been  made  more  rigorous  by  a 
more  precise  choice  of  words.  It  is 
only  fair  to  say,  however,  that  al¬ 
though  possibly  confusing  to  one 
obtaining  his  introduction  to  tubes 
from  Prof.  Eastman’s  book,  these 
matters  are  not  sufficiently  serious  as 
to  cause  confusion  to  those  even  only 
fairly  familiar  with  tubes  and  their 
circuits.  Certainly  these  errors  and 
ambiguities  can  be  corrected  easily 
in  the  second  edition. 

Portions  of  the  book  which  struck 
this  reviewer  as  being  unusually  well 
done  include  the  practical  data  on  de¬ 
sign  of  filters  for  rectifiers  in  Chap. 
IV,  discussion  of  distortion  in  push-pull 
circuits  on  page  174,  the  short  but  con¬ 
cise  treatment  of  the  input  impedance 
of  triodes  on  page  198,  and  the  design 
data  for  oscillators  and  amplifiers  of 
the  Class  B  and  Class  C  variety,  all  of 
which  will  appeal  immediately  to  the 
practical  engineer. 

All  in  all,  “Fundamentals  of  Vacu¬ 
um  Tubes”  can  be  considered  an  excel¬ 
lent  job  of  textbook  writing  in  the  elec¬ 
tron  tube  field — B.D. 


Short-Wave  Diathermy 

BY  TIBOR  DE  CHOLNOKY.  Co¬ 
lumbia  University  Press,  New  York, 
N.  Y.  (310  pages,  38  illustrations. 
Price,  $4.00). 

This  book  is  offered  to  the  medical 
profession  as  an  outline  of  short  wave 
diathermy  in  its  present  state  of  de¬ 
velopment  and  as  a  survey  of  the  lab¬ 
oratory  and  clinical  work  which  has 
been  carried  on  to  date.  It  deals  with 
a  historical  outline  of  the  subject, 
diathermy  equipment  of  both  spark 
and  tube  varieties  (briefly),  experimen¬ 
tation  with,  technic  of,  and  clinical 
applications  of  short  wave  diathermy. 
It  summarizes  with  a  critical  yet  tol¬ 
erant  attitude  the  results  of  some  750 
books  and  articles  listed  in  the  bibli- 
og:raphy.  It  is  evident  that  the  author 
has  a  realization  of  the  possibilities 
of  the  beneficial  effects  of  short  wave 
diathermy  as  well  as  of  some  exag¬ 


gerated  claims  which  have  been  made 
as  to  the  therapeutic  value  of  short 
waves,  but  it  is  for  the  medical  profes¬ 
sion  to  pass  on  the  merits  of  this 
volume  as  a  contribution  to  medical 
science. 

Most  writings  on  diathermy  appear 
to  be  lamentably  weak  in  the  field  of 
electricity  and  ordinary  college  physics 
to  which  M.D.’s  are  exposed  in  their 
undergraduate  courses.  This  book  is 
no  exception  in  that  respect.  If  it  is 
unreasonable  to  expect  a  physician  to 
know  the  circuit  intricacies  of  spark 
and  tube  equipment  which  he  may  be 
called  on  to  operate,  the  chapter  on 
physical  principles  and  equipment 
might  have  been  written  in  collabora¬ 
tion  with  a  physicist  or  engineer  with 
considerable  improvement.  The  au¬ 
thor  uses  such  terms  as  “a  current  of 
one  million  frequency”  leaving  it  to 
the  reader  to  judge  for  himself  whether 
results  are  to  be  expressed  in  cycles, 
kilocycles,  or  megacycles  per  second — 
a  matter  of  some  importance,  especially 
when  the  specific  effects  of  certain 
wave  lengths  are  under  discussion. — B.P. 

MeaHuremenI  of 
Radiant  Ener^ 

EDITED  BY  W.  E.  FORSYTHE. 
McGraw-Hill  Book  Co.,  New  York,  N. 
Y.  (452  pages,  224  illustrations.  Price. 
$5.00). 

Prepared  under  the  direction  of  A. 
C.  Hardy,  H.  E.  Ives,  and  W.  E.  For¬ 
sythe,  and  written  by  a  staff  of  twenty- 
one  specialists,  this  volume  is  a  com¬ 
pilation  of  modern  data  pertaining  to 
radiant  energy  and  methods  of  measur¬ 
ing  it.  The  treatment  covers  radiation 
laws,  radiation  constants,  care  that 
should  be  exercised  in  radiation  meas¬ 
urements,  selective  and  non-selective 
detectors,  methods  of  separating  the 
radiation  into  wavelength  intervals,  and 
the  various  methods  of  measuring  radi¬ 
ant  energy  including  precautions  for 
precise  work. 

Of  special  interest  to  readers  of 
Electronics  is  Chapter  VII  on  the 
“Measurement  of  Spectral  Radiation 
by  means  of  the  Photoelectric  Tube” 
propired  by  Dr.  L.  R.  Roller.  This 
chapter  deals,  in  a  somewhat  elemen¬ 
tary  manner,  with  the  characteristics 
and  operation  of  phototubes,  mostly  of 
the  emissive  type,  rather  than  with 
photoelectric  effects  and  theories.  Em¬ 
phasis  is  placed  on  the  phototube  as  a 
selective  device  for  measuring  elec¬ 
tromagnetic  energy;  suitable  ampli¬ 
fying  circuits  are  shown  and  sugges¬ 
tions  for  using  the  phototube  most  ef¬ 
fectively  in  various  portions  of  the 
spectrum  are  given. 

Although  an  advanced  reference 
book,  “Measurement  of  Radiant  En¬ 
ergy”  is  easily  ceadible,  practical,  and 
devoid  of  unnecessarily  lengthy  de¬ 
scriptions.  A  valuable  feature  is  the 
inclusion  of  numerous  references  to 
current  literature  at  the  end  of  each 
chapter. — b.d. 
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Nuclear  Physics  Chart 

By  DR.  CHARI.es  M.  LACK 

WfHt inyhousv  Klevtric  anil  Mainifnvturinij  Vo. 


Name 


Picture  Probable 
Representation  Composition 


Charge 


Approximate 

Mass 


Remarks 


Neutrino  * 


Electron 


© 


Unknown  Zero  1  2000  Unit  Undiscovered  but  theoretically  necessary  for 

conservation  of  mass  energy  in  many 
nuclear  transformations. 


© 


Elementary  1  Unit  Neg.  1/2000  Unit  Carrier  of  electricity  in  wire  conduction  and 

vacuum  tubes. 


Positron  ** 


Proton 


Neutron 


Deuteron 
Heavy  Hydrogen 
Nucleus 
Diplon 


@ 


@ 


Elementary  1  Unit  Pos.  1/2000  Unit 


Elementary  1  Unit  Pos.  1  Unit 


Discovered  recently.  Very  unstable.  Probably 
unites  with  electron  and  both  disappear.  ** 
Particle  ejected  during  breakdown  of  a 
large  number  of  artificially  prepared  radio¬ 
active  substances. 

Ordinary  hydrogen  nucleus  or  ionized  hydro¬ 
gen  atom. 


Proton  Zero  1  Unit 

Electron 


Neutron  1  Unit  Pos.  2  Units 
Proton 


Discovered  recently.  Electron  and  proton  are 
closely  bound  so  there  is  no  external 
electric  charge.  This  enables  it  to  pene¬ 
trate  matter  easily  until  it  unties  with  a 
nucleus  forming  an  isotope  usually  radio¬ 
active. 

Discovered  recently. 


Alpha  Particle 
Helium  Neucleus 


2  Neutrons  2  units  4  Units 
2  Protons 


Given  off  in  ordinary  radioactivity. 


Protium 

Hydrogen’ Atom 


© 


Proton  Zero  '  '  1  Unit 

Electron 


Electron  is  separated  from  proton  and  loosely 
bound  to  it.  May  be  ionized  in  discharges 
to  form  proton  and  free  electron. 


Proton 

Neutron 

Electron 


2  Protons 
2  Neutrons 
2  Electrons 


Zero 


Zero 


2  Units 


4  Units 


Discovered  recently.  Occurs  one  part  in  ten 
thousand  of  ordinary  hydrogen.  May  be 
easily  ionized  to  form  a  deuteron. 


Electrons  loosely  bound.  May  be  ionized 
in  discharges  to  form  alpha  particles  and 
two  free  electrons. 


•  In  certain  nuclear  transformations  it  is  necessary  to  postulate  the  ejection  of  small  chargeless  particles  of  two  varieties  or  else  abandon  the  laws  of  conserva¬ 
tion  of  mass  energy.  One  of  these  particles  (neutrino)  has  a  variable  mass  usually  less  than  that  of  the  electron  and  the  other  (anti-neutrino)  a  negative  mass  of 
the  same  amount. 

**  Modem  physics  believes  mass  and  energy  are  different  forms  of  the  same  thing  and  under  certain  conditions  can  be  directly  transformed  one  into  the  other. 
The  mass  of  an  electron,  for  instance,  is  equal  to  the  energy  of  an  electron  or  proton  after  being  accelerated  through  500  KV.  When  an  electron  and  positron 
combine  and  disappear,  two  gamma  rays  are  produced  by  the  500  KV  type.  ...  .  ,  , 

**•  An  isotope  of  an  element  is  a  form  of  the  element  having  the  same  chemical  propwties  but  different  mass.  The  chemical  properties  of  all  elements  are 
determined  by  the  number  of  outer  loosely  bound  electrons.  Thus  to  form  an  isotope  it  is  necessary  to  increase  or  decrease  the  number  of  neutrons  in  the 
nucleus. 
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Television  Terms 


An  alphabetical  glossary  of  words  and  phrases  commonly  used  to  describe  the  o|)eration 
of  television  equipment,  supplementary  to  those  given  in  “Television  Terminology”, 
Electronics^  June  1937 


Aperture  distortion: 

A  loss  of  image  definition  due  to  the  finite 
width  of  the  scanning  aperture,  the  height  of 
the  aperture  being  equivalent  to  the  height  of 
one  scanning  line. 

Aspect  Ratio: 

The  numerical  ratio  of  the  width  to  the 
height  of  the  picture  frame  area. 

Automatic  Background  Control: 

A  method  of  automatically  adjusting  the  back- 

f round  illumination  of  the  cathode-ray  repro- 
ucer  by  modulating  the  cathode-ray  intensity 
with  the  d-c  component  of  the  video  signal. 

Black  Control : 

A  name  sometimes  used  for  Automatic  Back¬ 
ground  Control. 

Composite  Television  Signal(R.M.A.) : 

By  a  composite  television  signal  is  meant  a 
signal  in  which  the  combined  video,  blanking, 
and  synchronising  signals  are  present. 

Consecutive  Scatming: 

A  method  of  television  image  scanning  in 
which  the  field-frequency  and  the  frame-fre¬ 
quency  are  identical. 

D-C  Video  Component: 

The  part  of  the  video  signal  due  to  the 
average  steady  back-ground  illumination  of  the 
scene  being  transmitted  is  called  the  d-c 
Component  of  the  video  signal. 

Direct  Pickup: 

The  process  of  televising  scenes  or  objects 
directly  from  life  as  contrasted  with  the  trans¬ 
mission  of  film  subjects. 

Electron  Multiplier: 

A  video  amplifier  tube  in  which  amplification 
of  the  original  electron  emission  (either  photo¬ 
electric  or  thermionic)  is  obtained  by  bombard¬ 
ing  the  emitted  electrons  against  one  or  more 
secondary-emissive  surfaces. 

Even-line  Interlace: 

An  interlaced  scanning  field  in  which  the 
number  of  lines  scanned  during  each  frame  is 
an  even  integer. 

Field  Frequency  (R.M.A.): 

The  field  frequency  is  the  number  of  times 
per  second  the  field  area  is  fractionally  scanned 
in  interlaced  scanning. 

Field  Frequency  Blanking  Impulse: 

A  square  topped  impulse  transmitted  at  the 
end  of  each  vertical  scansion  of  the  picture 
field  for  the  purpose  of  erasing  the  retrace  path 
of  the  cathode  ray  spot  at  the  television  receiver. 

Field  Distortion: 

Distortion  of  the  shape  of  proportions  of 
objects  in  the  television  image  due  to  non- 
uniform  velocity  of  the  scanning  spot,  or  de¬ 
parture.  from  a  rectilinear  shape  of  scanning 
field. 

Field  Frequency  Synchronizing 
Impulse : 

A  square  topped  impulse  transmitted  at  the 
end  of  each  vertical  scansion  of  the  picture 
field  for  the  purpose  of  keeping  the  vertical 
scanning  generator  at  the  receiver  in  step  with 
the  transmitter. 

Frame  Frequency  (R.M.A.): 

The  frame  frequency  is  the  number  of  times 
per  second  the  frame  area  is  completely 
scanned  in  interlaced  scanning. 

Frame : 

A  single  complete  picture. 

Horizontal  Scanning  Frequency: 

Synonym  for  “Line  Frequency.” 

Horizontal  Synchronizing  Impulse: 

Synonym  for  “Line  Frequency  Synchronizing 
Impulse.” 

Horizontal  Blanking  Impulse: 

Synonym  for  “Line  Frequency  Blanking  Im¬ 
pulse.” 


By  FRANK  J.  SOMERS 

FarnsKOrth  Televigwn,  Inc.,  <>}  Penna. 

Ghost  Image: 

A  spurious  image  usually  displaced  in  phase 
from  the  main  image  and  having  the  same  or 
opposite  polarity  as  the  main  image.  (E.g.  The 
signals  generated  during  the  retrace  time  of 
the  television  camera  scanning  produce  a  ghost 
image  signal  which  is  subsequently  erased  by 
the  blanking  signals.) 

Iconoscope: 

An  electronic  television  camera  tube  in  which 
an  insulated  photo-electric  mosaic  plate  is 
scanned  with  a  cathode  ray  beam  so  that  the 
positive  charges  thereon  are  neutralized  and 
the  resulting  discharge  currents  constitute  a 
video  signal. 

Image  Dissector: 

A  television  camera  tube  in  which  an  elec¬ 
tron  image  which  corresponds  to  the  optical 
image  of  the  scene  being  televised  is  made  to 
move  with  respect  to  a  fixed  scanning  aperture 
in  such  a  way  that  the  electrons  so  collected 
constitute  a  video  signal  current. 

Interlaced  Scanning  Field: 

A  unidirectional  rectilinear  scanning  field  in 
which  the  field  frequency  is  an  integral  multiple 
of  the  frame  frequency  and  in  which  the  lines 
traced  on  each  fractional  scansion  of  the  picture 
area  are  made  to  fall  evenly  between  those  of 
each  previous  fractional  scansion  so  as  to  com¬ 
pletely  scan  each  picture  frame. 

Interlace  Ratio: 

The  numerical  ratio  of  the  field  frequency  to 
the  frame  frequency  is  called  the  interlace 
ratio. 

Keystone  Distortion: 

An  optical  or  electrical  distortion  whereby 
the  picture  field  assumes  a  trapezoidal  rather 
than  rectangular  shape. 

Kinescope : 

An  electrostatically  focused  cathode  ray  tele¬ 
vision  receiver  tube. 

Line  Frequency  (R.M.A.): 

The  line  frequency  is  the  frequency  of  the 
sawtooth  wave  used  for  scanning  in  the  hori¬ 
zontal  direction  and  is  numerically  equal  to  the 
number  of  lines  scanned  per  second. 

Line  Frequency  Synchronizing 
Impulse : 

A  square  topped  impulse  transmitted  at  the 
end  of  each  scanning  line  to  keep  the  horizon¬ 
tal  scanning  generator  at  the  receiver  in  step 
with  the  horizontal  generator  at  the  transmitter. 

Line  Frequency  Blanking  Impulse: 

A  square-topped  impulse  transmitted  at  the 
end  of  each  scanning  line  for  the  purpose  of 
erasing  the  return  trace  of  the  cathode-ray  spot 
on  the  television  receiver  tube. 

Master  Pulse  Generator: 

A  central  unit  used  at  the  television  studio 
to  provide  all  blanking  and  synchronizing  sig¬ 
nals  both  for  the  transmitter  and  the  receiver. 

Magnetic  Deflection: 

The  method  of  imparting  lateral  or  vertical 
motion  to  the  cathode-ray  spot  by  means  of 
the  field  produced  by  a  coil  through  which  the 
sawtooth  scanning  current  is  made  to  flow. 

Magnetic  Focus  Coil: 

A  D-C  solenoid  placed  over  the  neck  of 
an  oscillight  tube  for  the  purpose  of  con¬ 
centrating  the  stream  of  electrons  emitted 
by  the  cathode-ray  gun  into  a  fine  spot  on  the 
cathode-ray  screen. 

Multipactor : 

A  cold-cathode  secondary-emission  multiplier 
tube. 

Negative  Polarity  of  Transmission: 

The  polarity  of  transmission  is  said  to  be 
negative  when  a  decrease  in  initial  light  intens¬ 
ity  results  in  an  increase  in  the  radiated  r-f 
power. 

Negative  Picture: 

The  image  produced  when  a  video  signal  of 
reversed  polarity  is  applied  to  the  grid  of  the 
cathode-ray  receiver  tube. 


Odd-Line  Interlace: 

An  interlaced  scanning  field  in  which  an  odd 
number  of  lines  is  scanned  during  each  picture 
frame. 

Optical  Focus: 

The  focussing  of  the  optical  image  on  the 
light  sensitive  cathode  of  an  image  dissector 
as  distinguished  from  the  electrical  focussing 
of  the  electron  image  produced  within  the 
tube. 

Oscillight: 

A  magnetically-focussed  cathode-ray  television 
reproducer  tube. 

“Pairing-Off”: 

Expression  used  to  describe  the  condition  of 
an  interlaced  scanning  field  when  the  lines 
traced  on  succeeding  fractional  scansions  are 
not  evenly  spaced  but  are  distributed  in  pairs. 

Positive  Polarity  of  Transmission: 

The  polarity  of  transmission  is  said  to  be 
positive  when  an  increase  in  initial  light  in¬ 
tensity  results  in  an  increase  in  the  radiated 
r-f  power. 

Picture  Element: 

A  picture  element  is  the  smallest  subdivision 
of  the  picture  area  defined  in  the  process  of 
scanning. 

“Rain”:  - 

Expression  used  to  describe  the  effect  on  the 
television  image  of  a  poor  signal-to-noise-ratio. 
Under  such  conditions  thermal  agitation  and 
shot-noise  produce  on  effect  similar  to  the 
appearance  of  “rain”  on  the  television  image. 

Retrace  Time: 

The  time  which  elapses  between  the  end  of 
one  vertical  scansion  of  the  picture  field  and 
the  start  of  the  next  vertical  scansion  or  the 
time  elapsing  between  the  ending  of  one  scan¬ 
ning  line  and  the  starting  of  the  next  consecu¬ 
tive  line. 

R.  F.  Television  Signal: 

The  signal  resulting  from  modulation  of  the 
r-f  picture  carrier  by  the  composite  television 
signal. 

Scanning: 

The  process  of  analyzing  in  a  predetermined 
manner  an  optical  image  having  the  dimensions 
width,  height,  and  intensity  for  the  purpose  of 
obtaining  an  electrical  amplitude-time  function 
representative  of  the  illumination  intensity  of 
each  elemetary  area  of  the  original  image.  The 
amplitude-time  function  thus  obtained  consti¬ 
tutes  a  video  signal. 

Scanning  Interference: 

The  effect  produced  on  the  television  image 
bp  cross-talk  between  the  viceo  and  scanning 
circuits. 

Scanning  Field: 

The  area  traversed  by  the  scanning  spot 
either  in  dissecting  or  reproducing  the  tele¬ 
vision  image. 

Synchronization : 

The  process  of  keeping  the  scanning  genera¬ 
tors  at  the  receiver  in  step  with  the  scanning 
generators  feeding  the  television  camera. 

Scanning  Generator: 

A  vacuum  tube  circuit  used  to  generate  the 
sawtooth  waves  used  for  the  electrical  scan¬ 
ning  of  a  television  camera  tube  or  a  cathode- 
ray  reproducer  tube. 

Telecine  Transmission: 

The  process  of  transmitting  motion-picture 
film  subjects  by  television. 

Vertical  Blanking  Impulse: 

Synonym  for  “Field  Frequency  Synchronizing 
Impulse.” 

Vertical  Synchronizing  Impulse: 

Synonym  for  “Field  Freouency  Synchronizing 
Impulse.” 

Vertical  Scanning  Generator: 

Synonym  for  “Field  Frequency  Scanning 
Generator.” 

Video  Signal: 

The  video  signal  is  the  signal  generated  by 
the  television  camera  in  the  process  of  scan¬ 
ning  the  image  being  transmitted. 
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INSTRUMENTS  DESIGNED  AND  MANUFACTURED  FDR  A  DISCRIMINATING  CLIENTELE  SINCE  1927 


the  regrulating  resistance  goes  up;  or, 
stated  in  another  way,  a  range  of  110 
to  130  line  volts  can  be  controlled  more 
satisfactorily  than  can  100  to  120  volts. 

In  Figs.  2,  3,  and  4  are  operating 
data  on  different  layouts,  showing  what 
may  be  expected  from  the  method.  The 
first  curve  in  Fig.  2  shows  regulation 
for  a  fairly  heavy  load.  The  d-c  side 
supplied  30  milliamperes  at  200  volts, 
while  the  filament  windings  lighted 
two  0.3  ampere  tubes  in  addition  to  the 
84  rectifier  tube.  For  a  spread  of  16 
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TliU  UYNAMdMETER 
POLY  RANGER  is  \ '«■ 
a  MILTIRANGE  current  \ 
and  voltage  measuring 
d ynainoineter,  completely 
shielded  magnetically,  switch 
controlled  and  entirely 
.self-contained. 

Its  13  internal  ranges  enables  the  user  to  measure  A.C.  currents 
and  voltages  from  2  in. a.  to  10  amperes  and  from  2  volts  to  3000 
volts  in  easy  overlapping  steps.  This  wide  range  .spread  will  cover 
the  great  majority  of  measurements  with  an  accuracy  of  1/3  of  1% 
at  commercial  frequencies. 

THE  “DYNAMOMETER  POLYRANGER*’  was  designed  for  use 
on  a  freijuency  of  60  cycles  per  second  as  the  great  majority  of 
alternating  measurements  arc  made  on  this  frequency. 

The  “DYNAMOMETER  POLY- 
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Fig.  U — t/wif  which  diftplays  negative 
characteristic 


per  cent  on  the  line  voltage  from  110 
to  128  volts,  the  filament  voltage  varied 
a  total  of  3.2  per  cent.  The  plate 
voltage  did  not  depart  more  than  0.75 
per  cent  from  the  average,  over  the 
same  range.  The  filter  was  a  two- 
section  type  using  iron-core  chokes. 
The  874  tubes  came  into  action  at  the 
point  noted,  having  been  extinguished 
at  the  lower  a-c  voltages.  The  rated 
load  point  on  the  874  tubes  also  is 
shown. 

In  Fig.  3  a  relatively  light  load  ob¬ 
tained.  The  transformer  of  the  pre¬ 
ceding  diagram  was  the  so-called  four- 
tube  midget  type,  which  pulled  some 
150  milliamperes  no-load  exciting  cur¬ 
rent  at  115  volt,  60  cycles.  The  trans¬ 
former  of  Fig.  3  was  a  similar  type, 
but  of  different  make,  and  required 
2t>0  milliamperes  under  the  stated  con¬ 
ditions.  The  presentation  shows  bet¬ 
ter  performance  characteristics  than 
the  preceding  run,  chiefly  because  of 
the  lighter  load.  For  a  16  per  cent 
variation  of  input  voltage  the  d-c  out¬ 
put  remained  constant  to  better  than 
0.2  per  cent. 

The  curve  of  Fig.  4  is  presented  to 
show  that  under  very  light  loading  the 
voltage  actually  may  decrease  as  the 
input  increases.  This  phenomenon 
probably  is  due  to  changing  phase  con¬ 
ditions,  but  occurs  rather  consistently 
at  light  loads.  It  offers  interesting 
possibilities  in  the  way  of  compensating 
effects  for  radio  apparatus,  either  taken 
alone  or  in  conjunction  with  the  fila¬ 
ment  voltage  characteristic.  In  the 
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Tubes  at  Work 


DU  MONT 

ALL-PURPOSE 

OSCILLOCRAPH 


(Cottfimtcd  from  page  31) 


accomplished  by  grounding:  the  heater 
circuit  at  one  point,  and  using  a  1-v  or 
84  type  rectifier  having  high-potential 
rating  between  heater  and  cathode. 

Although  the  operating  voltage  of 
the  neon  regulator  approximates  90, 
some  120  to  130  volts  are  required  to 
ignite  the  tube.  F’urther,  at  the  peak 
inverse  voltages  encountered  on  a  115 
or  120-volt  line,  the  tube  pas.ses  current 
only  in  one  direction.  Therefore  the 
form  of  voltage  across  the  tube,  and 
correspondingly  across  the  transformer 
primary,  is  as  shown  in  Fig.  1.  On 
each  half  cycle  the  potential  increases 
to  the  ignition  voltage  for  the  particu¬ 
lar  tube,  the  tube  then  lights,  and  for 
the  remainder  of  the  half  cycle  con¬ 
sumes  enough  current  through  the 
regulating  resistance  to  maintain  ap¬ 
proximately  90  volts  acro.ss  itself.  The 
action  is  repeated  on  the  succeeding 


A  Precision  Laboratory  I nstrument,  yet 
Rugged  and  Portable  for  Field  Work 
INCORPORATES  THESE  FEATURES 


★  A  fiv*  inch  new  type  54-XH  Du  Mont 
Cethode  Ray  Tube  —  fine  uniform 
focus. 

'A  Vertical  plates  direct,  one  stage  or 
two  stage  amplifier,  wide  range. 

A’  Horizontal  plates  direct,  one  stage 
amplifier,  or  linear  sweep. 

A  High  input  impedance  to  amplifiers. 

A  Amplified  and  calibrated  linear  sweep 
15  to  30,000. 

A  Sweep  return  trace  eliminator. 

★  Complete  freedom  from  interaction 
between  controls. 


★  All  controls  on  front  panel  with  grad¬ 
uated  dials. 

A  Removable  calibrated  celluloid  scale 
for  tube. 

A  400  volt  power  supply  for  amplifiers 
and  sweep. 

A  Separate  MOO  volt  rectifier  for  Cath¬ 
ode  Ray  Tube 

A  Internal  or  external  positive'  synchro¬ 
nization. 

A  Terminals  provided  for  direct  connec¬ 
tion  to  deflection  plates  for  D.  C.  and 
R.  F.  signals. 


Rated  toad  on  674’s‘ 


A  New  Sweep  Expanding  Amplifier 


Line  Voltage, 
no  ohms  lllf  1 


V'lg.  3 — Typical  performance  on  light 
load 


half  cycle  by  the  other  tube.  Since  the 
primary  current  on  typical  transform¬ 
ers  lags  the  supply  voltage,  the  in¬ 
stantaneous  current  is  at  or  near  zero 
as  the  ignition  point  is  approached.  The 
instantaneous  drop  in  the  regulating 
resistor  is  respectively  at  or  near  zero, 
so  that  the  full  value  of  the  a-c  supply 
can  act  to  boost  the  neon  tube  over 
the  top. 

It  is  important  that  condenser  input 
be  used  on  the  filter.  The  stabilization 
of  the  d-c  voltage  will  not  be  good  if 
choke  input  is  used.  It  is  preferable 
to  use  874  tubes  having  nearly  equal 
characteristics  so  that  they  will  ap¬ 
proach  their  maximum  current  ratings 
at  the  same  level  of  input  voltage.  The 
optimum  method  of  design,  or  adjust¬ 
ment,  is  to  set  a  minimum  value  of  a-c 
line  voltage,  then  increase  the  regulat¬ 
ing  resistance  until  the  874  tubes  nearly 
reach  extinction.  The  tubes  then  will 
take  care  of  all  higher  line  voltages 
up  to  their  overload  point.  A  200-ohm, 
50-watt,  adjustable  wire-wound  resis¬ 
tor  is  suitable  for  use  in  the  a-c  line. 
The  leveling  action  becomes  better  as 


Above  are  three  photographs  showing  the  168  unit  employing  the  wave  expanding 
feature.  Three  pictures  have  been  taken  of  the  same  unit,  with  only  a  change  in 
the  setting  of  the  horizontal  amplitude  control.  This  control  is  shown  above  with  a 
distinctive  white  coloring,  appearing  at  the  right  center  of  the  front  panel. 

The  first  photograph  shows  four  one  thousand  cycle  waves,  packed  close  together. 
A  slight  adjustment  of  the  one  control  spreads  the  pattern  as  shown  in  the  second 
photograph.  Now  if  it  is  desired  to  study  only  the  middle  portion  of  the  wave  a 
further  adjustment  of  this  one  control  will  spread  the  pattern  as  shown  in  the  third 
photograph. 

This  wave  expanding  feature  of  the  new  Type  168  Oscillograph  is  very  valuable 
in  the  study  of  complex  waves  where  it  is  desired  to  spread  a  small  portion  of  the 
wave  for  detailed  study.  Furthermore  it  allows  expansion  of  waves  of  much  higher 
frequency  than  the  fundamental  frequency  of  the  sweep.  Million  cycle  waves  can 
be  observed  with  good  detail,  and  the  return  trace  eliminator,  a  regular  television 
principle,  permits  the  waves  to  appear  only  on  the  forward  linear  portion  of  the 
sweep. 


Upper  Montclair,  New  Jersey 
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ERIE  MOLDED  DEZELK 


ERIE  RESIST 


Erie  Plastic  Bezels,  injection 
molded  by  our  plastics  division,  are 
the  focal  point  of  seventeen  1938 
RCA  Victor  models.  Elach  a  different 
design  and  color,  these  Tenite  frames 
contribute  much  to  the  outstanding 
eye-appeal  of  this  famous  line  of 
receivers. 

And  behind  the  scenes  in  the  set 
chassis,  Erie  Resistors  2u:e  playing  an 
important  part  in  maintaining  the  high 
standard  of  RCA  Victor  operating 
performance. 


Sri*  liis*l«t*d  Mosistors^ 

U.  $.  P^mnk  N*.  2,046,922; 
*Ui*f  yt*iitt  p**4U»9«  Sri* 
B*t*tt  •—  U.  S.  and 

F*f*iffi  P*l**ls  9**di«i9. 


ERIE  RESISTOR 
CORPORATION 


CARBON  RESISTORS 
AND  SUPPRESSORS 


AUTOMATIC  INJECTION 
MOLDING 


LONDON 


TORONTO 


cs 
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Nam* 


Street, 


particular  run,  while  the  input  was 
varied  over  a  21  per  cent  range,  the 
filament  voltage  increased  4.2  per  cent 
and  the  d-c  voltage  decreased  4.0  per 
cent. 


CONTROLS 

YOU  SHOULD  KKOW 


These  bulletins  contain  technical  iniorma. 
tion  about  the  new  Ward  Leonard  Con¬ 
trol  Devices.  Every  designer  and  manu¬ 
facturer  of  eqtiipment  for  the  generation 
and  use  of  electricity  will  find  them  of 
great  value.  Send  for  any  or  all  of  the 
bulletins  featuring  controls  listed  below. 


Direet-Coupled  Push-pull 
Oscillograph  Driver  Stage 


Resistors 

Rheostats 

Relays 


Speed  Regulators 
Voltage 

Regulators 


Motor  Starters 
Rectifiers 
Contactors 


WARD  LEONARD  Control  Devices  Since  1892 

Ward  Leonard  Elnetrie  Company,  32  South  Stroet,  Mount  Vornon,  N.  Y. 

Pleas*  tend  me  bulletins  relating  to:  Resistors  □,  Rheostats  □,  Relays  □,  Speed  Regulators  □,  Voltage 
Regulators  □,  Motor  Starters  □,  Rectifiers  □,  Contactors  □. 


Company. 


City  and  State. 


of  deflecting  plates)  without  interac¬ 
tion  between  the  circuits.  Freedom 
from  degeneration  in  the  biassing  re¬ 
sistor  is  also  obtained. 

If  the  stage  preceding  the  output 
stage  contains  but  one  tube,  the  re¬ 
versal  of  phase  required  between  the 
push-pull  inputs  is  usually  obtained  hy 
taking  part  of  the  output  signal  of  one 
of  the  push-pull  tubes  as  grid  signal 
for  the  other.  In  the  circuit  shown, 
however,  a  direct-coupled  grid  for  the 
second  tube  is  used,  with  a  compen.^at- 
ing  bias  voltage  of  two  volts.  The 
overall  sensitivity  displayed  by  the  cir¬ 
cuit  is  10  mv/mm  with  2000  volts  anode 
,  voltage  on  the  cathode  ray  tube. 


The  editors  have  received  an  inter¬ 
esting  amplifier  circuit  intended  for 
use  with  high  voltage  cathode-ray 
oscillographs,  designed  by  Mr.  S.  A. 
Talbot,  biophysicist  at  the  Johns  Hop¬ 
kins  Hospital  in  Baltimore.  Biologi¬ 
cally  produced  signals,  for  which  the 
amplifier  is  designed,  change  slowly,  so 
that  a-c  amplification  cannot  be  used. 
A  direct-coupled  d-c  amplifier  is  accord¬ 
ingly  used,  the  total  gain  being  4  x  10* 
and  the  output  signal  voltage  (maxi¬ 
mum)  700  volts.  The  diagram  shows 
the  output  direct-coupled  driver  stage, 
which  amplifies  the  output  of  previous 
stages.  The  output  stage  is  arranged 
in  push-pull,  which  gives  a  high  out¬ 
put  signal  without  the  necessity  of 
using  a  high  plate  supply  voltage.  A 
450  volt  plate  supply  in  this  circuit 
will  produce  a  700  volt  undistorte<l 
swing  in  the  output.  Another  advan¬ 
tage  of  the  push-pull  connection  is  the 
fact  that  the  sum  of  the  plate  currents 
is  constant,  so  that  a  plate  supply  of 
poor  regulation  may  be  used.  Because 
[  the  total  plate  current  does  not  change 
a  single  plate  supply  may  be  used  to 
!  feed  two  amplifiers  (one  for  each  set 


O/reef- 


coi/pM 


input 


Direct-coupled  amplifier  stage  capable 
of  delivering  an  und'storted  output 
swing  of  700  volts,  from  a  ^50  volt 
supply 
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1938  Radio  Receivers 

(Continued  from  page  15) 


the  higher  price  sets  made  by  Philco. 
Although  a  sloping  panel  has  some 
advantages  from  the  standpoint  of 
ease  of  adjustments,  broadcast  re¬ 
ceivers  of  more  than  a  decade  ago 
featured  sloping  panels. 

No  increase  in  the  use  of  the  20 
to  60  Me.  band  is  evident;  if  any¬ 
thing  the  number  of  receivers  hav¬ 
ing  this  band  seems  to  have  de¬ 
creased  since  last  year.  At  the  same 
time,  through  the  use  of  better  tun¬ 
ing  arrangements,  the  operation  on 
the  high  frequency  bands  has  been 
greatly  simplified  and  made  more 
satisfactory  to  the  ordinary  user. 
In  a  good  many  sets  the  higher  fre¬ 
quency  band  contains  provision  for 
much  easier  tuning.  For  example, 
some  of  the  receivers  have  split  up 
the  high  frequency  band  into  four 
band  spread  sections  so  that  high 
frequency  tuning  is  actually  easier 
to  accomplish  than  tuning  in  the 
500  to  1,500  kc.  band.  It  is  esti¬ 
mated  that  some  of  the  broadcast 
sets  are  equal  to  high  priced  com¬ 
munications  receivers  in  their  per¬ 
formance  at  the  high  frequencies. 

In  the  lower  frequency  bands, 
there  is  no  apparent  increase  in  the 
use  of  the  150  to  350  kc.  band  for 
the  reception  of  weather  signals,  air¬ 
plane  reports  and  the  like.  In  the 
lower  priced  sets  using  only  two 
bands,  the  6  to  18  Me.  is  the  second 
band. 

While  in  general  the  prices  of  .sets 
are  somewhat  advanced  from  what 
they  were  last  year,  a  distinct  trend 
indicates  greater  values  than  ever 
before;  values  which  are  made  po.s- 
sible  only  because  of  fairly  stiff  com¬ 
petition  and  considerable  study  and 
research  on  the  part  of  the  manu¬ 
facturers.  Many  receivers  are  avail¬ 
able  in  the  medium  price  range,  but 
there  seems  to  be  some  doubt  as  to 
the  proper  place  in  the  sun  which 
the  cheapest  and  most  expensive  sets 
are  to  occupy.  The  Kadette  receiver, 
manufactured  by  the  International 
Radio  Corp.  of  Ann  Arbor,  Mich, 
is  making  a  bid  for  outstanding 
value  in  the  low  price  field.  The 
Kadette  is  a  table  model,  10  tube, 
a-c  operated,  superheterodyne  re¬ 
ceiver  selling  at  a  list  price  of 
$19.95.  It  is  anticipated  that  this 
receiver  will  be  quite  a  sensation  in 
the  low  price  field,  but  it  remains 
to  be  proven  as  to  what  can  be 
expected  from  sets  selling  at  $2  per 
tube,  complete  and  ready  to  go. — b.d. 


tubes  as  used  in  modern  receivers. 
Another  tube  manufacturer  has 
written  off  $45,000  worth  of  metal 
tube  equipment  which  has  been 
junked. 

Although  it  cannot  be  said  that 
there  is  a  very  decided  trend  toward 
the  use  of  single  purpose  tubes  (as 
contrasted  with  a  tube  in  a  single 
envelope  performing  various  func¬ 
tions  simultaneously)  there  does 
appear  to  be  a  trend  on  the  part 
of  some  manufacturers  to  put  a 
greater  part  of  the  cost  of  the  re¬ 
ceiver  in  the  number  of  tubes  rather 
than  in  the  perfection  of  other  com¬ 
ponents. 

In  the  field  of  tuning  indicators, 
the  electron  ray  tubes  have  almost  a 
clean  sweep,  although  the  flash  tun¬ 
ing  arrangement  of  Sears  Roebuck 
and  Sentinal  Radio  Co.,  which  are 
retained  this  year  prevent  a  com¬ 
plete  landslide  for  the  “magic  eye.” 


As  for  the  audio  output  circuit, 
the  most  popular  type  of  output  tube 
seems  to  be  one  of  the  several  suit¬ 
able  varieties  of  pentode,  with  the 
beam  power  tube  running  a  close  sec¬ 
ond.  For  the  utmost  in  quality  re¬ 
production,  and  especially  where 
price  is  a  secondary  consideration, 
triode  power  output  tubes  are  still 
holding  their  own  very  well. 


Glass  Verstis  Metal  Tubes 


The  feud  of  the  glass  versus  metal 
tubes  seems  to  be  simmering  down 
somewhat  with  the  G  type  out  in 
front.  Most  receivers  use  a  combina¬ 
tion  of  glass  and  metal  tubes,  al¬ 
though  there  are  some  sets  using  all 
glass,  and  a  few  using  all  metal  tubes, 
if  we  except  the  rectifier  and  of  course 
the  tuning  indicator.  Although  metal 
tubes  are  used  extensively  for  low 
level  amplification,  detection,  and  os¬ 
cillation,  glass  envelope  tubes  are  in¬ 
variably  used  for  the  rectifier  and 
final  audio  output  stage.  It  is  inter¬ 
esting  to  observe  that  General  Elec¬ 
tric,  pioneer  proponents  of  the  metal 
tube,  have  discontinued  the  use  of 
the  5Z4,  6J7,  6L6,  and  have  almost 
entirely  dropped  the  5W4  for  rea¬ 
sons  of  cost  or  poor  performance  as 
compared  with  equivalent  glass  en¬ 
velope  tubes.  GE  still  retains  the 
use  of  the  6A8,  6C5,  6F5,  6F6,  6H6, 
6K7,  and  6L7  metal  tubes  in  this 
year’s  sets.  On  top  of  that  comes 
information  that  one  of  the  tube 
manufacturers  is  making  approxi¬ 
mately  20%  of  the  tube  line  in  metal 
and  80%  in  glass.  However,  since 
the  glass  variety  includes  replace¬ 
ment  of  old  models,  these  figures  do 
not  give  an  accurate  comparison  of 
the  popularity  of  glass  and  metal 


'No  Squat,  No  Stoop,  No  Squint' 


Convenience  in  operation  is  car¬ 
ried  out  in  a  good  many  cabinet  de¬ 
signs.  The  lazybones  or  armchair 
receiver  introduced  a  few  years  ago 
by  Philco,  is  making  headway  this 
year  with  a  number  of  manufactur¬ 
ers  announcing  this  type  of  cabinet. 
The  introduction  of  a  number  of 
models  of  armchair  type  has  led  to 
the  cabinets  of  rather  odd  shapes 
and  designs,  but  the  console,  high 
boy,  and  low  boy  models  w'hich  have 
been  in  evidence  in  previous  years 
are  to  be  found  in  this  year’s  models, 
especially  among  the  higher  price 
sets.  Other  improvements  in  cab¬ 
inets  which  have  been  made  by  the 
manufacturers  include  a  sloping 
control  panel,  featured  especially  in 


Typical  of  the  high  quality  components  going  into  modern  receivers  is  this 
Mallory  switch.  The  photograph  uxu  taken  of  an  experimental  model 
after  it  had  completed  15,000  cycles  of  operation  on  a  life  test 
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I  INSULATEO~ - 

MOUNTING  STRIPS 


•  FOR  TRIM  “ship-shape”  radio  chassis, 
speakers,  coils,  etc.,  use  “CINCH”  strips. 

Originated  and  designed  by  “CINCH”  for 
maximum  efficiency— rigid  assembly— these 
mounting  strips  actually  save  time  and  labor 
costs.  Each  component  part  is  fabricated  and 
each  strip  is  assembled  entirely  by  “CINCH” 
under  the  most  careful  supervision.  Your 
assurance  of  satisfaction!  “CINCH”  insulated 
mounting  strips  mean  ease  of  soldering  and 
satisfactory  performance.  Note  particularly 
part  X-1544-C  with  T  slotted  concave  top 
lug  providing  space  for  maximum  number 
of  wires.  Hundreds  of  variations,  all  styles 
in  stock  give  you  prompt  action  on  your  needs. 

For  insulated  mounting  strips,  binding  posts, 
bias  cell  holder  strips,  get  “CINCH”  strips  and 
get  the  smooth  handling  you  want  and  need. 

Cinch  and  Oak  Radio  Sockets 
are  licensed  under  H.  H.  Ehy 
socket  patestts. 

SUBSIDIARY:  HNITED  CARR  FASTENER  CORPORATION,  CAMBRIDGE.  MASSACHUSETTS 
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X-1544-C 


CINCH 

MANUFACTURING  CORPORATION 

2335  WEST  VAN  BUREN  STREET 
HICAGO,  ILLINOIS 


THE  ELECTRON  ART 

ACH  month  the  world's  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tabloid  form  to  Electronics'  readers. 


History  and  Application 
Of  Piezoelectricity 

An  article  under  the  above  title  by  M. 
Tournier  appears  on  pages  312-327  of 
the  April  issue  of  Electrical  Communi¬ 
cation,  issued  by  the  International 
Standard  Electric  Corp.  The  article 
covers,  in  an  interesting  manner,  the 
important  developments  in  piezoelec¬ 
tricity  since  1881,  when  the  theoretical 
studies  of  Pierre  Curie  on  pyroelectric¬ 
ity  led  him  to  foresee  before  he  was 
able  to  observe  it,  the  phenomenon  of 
piezoelectricity.  The  theory  of  piezo¬ 
electric  properties  of  crystals,  devel¬ 
oped  by  Voigt  in  the  last  decade  of  the 
nineteenth  century  are  discussed  and 
the  main  conclusions  given. 

The  first  application  which  is  men¬ 
tioned  is  that  of  Langevine  in  1914  in 
the  field  of  ultra-sonics  for  the  detec¬ 
tion  of  submarine  bodies;  the  applica¬ 
tion  of  ultra-sonic  waves  for  marine 
depth  sounding  and  for  marine  signall¬ 
ing  purposes  is  also  briefly  reviewed. 


A  large  portion  of  this  paper  deals 
with  piezoelectric  quartz  plates  for  the 
stabilization  of  frequency  in  vacuum 
tube  oscillators.  The  use  of  quartz 
plates  for  the  measurement  of  pressure, 
in  sharply  tuned  filters,  and  several  ap¬ 
plications  in  acoustics  are  given  in  con¬ 
clusion. 


Bridge  Type  Flux  Meter 

A  SATISFACTORY  METHOD  of  obtaining  a 
direct  and  continuous  reading  of  the 
flux  density  of  magnetic  fields,  either 
steady  or  slowly  varying,  is  described 
in  the  article  “A  New  Magnetic  Flux 
Meter,”  by  G.  F.  Smith  in  the  April 
issue  of  Electrical  Engineering.  This 
new  flux  meter  depends  for  its  operat¬ 
ing  principle  upon  the  change  in  re¬ 
sistance  exhibited  by  a  bismuth  wire 
when  placed  in  a  magnetic  field.  The  ap¬ 
plication  of  this  physical  phenomenon 
to  engineering  was  accomplished  by 


using  a  bismuth  resistor  in  each  of  the 
two  diagonally  opposite  arms  of  a 
Wheatstone  bridge  and  placing  both  of 
the  bismuth  elements  in  the  magnetic 
field  to  be  measured. 

In  the  design  and  construction  of  this 
bridge  a  number  of  problems  arose 
which  required  solution  before  the 
bridge  could  be  put  into  service.  The 
high  thermoelectric  effect  which  ap¬ 
pears  when  bismuth  is  joined  to  most 
other  metals,  was  overcome  by  so  de¬ 
signing  the  arms  of  the  bridge  as  to 
minimize  temperature  variations.  All 
junctions  were  made  as  near  each  other 
as  possible  so  that  very  little  difference 
in  their  temperatures  could  exist.  It 
is  reported  that  no  errors  from  this 
source  have  been  detected.  The  shift 
in  the  zero  position  of  the  flux  meter 
when  the  temperature  of  the  bridge 
varied  was  overcome  by  using  a  metal 
of  higher  temperature  coefficient  of 
resistant  than  bismuth,  and  using  only 
enough  so  that  its  resistance  change 
would  always  be  equal  to  the  corre- 
s|>onding  resistance  change  in  the  bis¬ 
muth.  The  third  problem  presents  it¬ 
self  when  the  temperature  of  the  bridge 
varies  any  considerable  amount  from 
that  at  which  the  bridge  is  calibrated. 
In  this  case  it  has  been  found  possible 
to  provide  a  calibration  curve  corre¬ 
sponding*  to  the  normal  temperature 
at  which  the  bridge  is  operated,  to¬ 
gether  with  supplementary  curves  or 
data  which  permit  corrections  to  be 
made  for  other  temperatures  at  which 
the  bridge  is  operated. 

A  summary  of  the  advantages  and 
disadvantages  of  the  meter  makes  evi¬ 
dent  that  by  the  use  of  two  bismuth 
elements  instead  of  one,  the  indica¬ 
tion  for  a  given  flux  density  value  is 
very  greatly  increased  and  that  the 
change  in  resistance  of  bismuth  arrives 
at  its  final  value  almost  as  soon  as  the 
element  is  placed  in  the  magnetic  field, 
remains  constant  if  the  field  is  con¬ 
stant,  or  varies  with  the  field  if  the 
change  is  not  too  rapid  for  the  meters 
to  follow.  If  the  various  arms  of  the 
bridge  are  so  constructed  that  changes 
due  to  temperature  are  similar  in  each, 
small  temperature  changes,  so  trou¬ 
blesome  with  the  single  bismuth  spiral 
arm,  are  entirely  or  almost  entirely 
obviated.  A  simple  bridge  and  meter 
may  be  calibrated  for  a  very  wide 
range  of  flux  densities  from  the  lowest 
the  bridge  will  give  to  the  highest 
desired.  By  including  more  than  one 
bridge  with  the  same  meter,  the  com¬ 
bination  can  be  adopted  to  measure¬ 
ments  of  very  small  magnetic  areas, 
as  well  as  for  the  larger  areas  of  com¬ 
paratively  low  density.  Probably  the 
greatest  disadvantage  of  the  meter  is 
the  change  in  the  indication  for  a  given 
flux  density  when  the  bismuth  tem¬ 
perature  is  changed  either  above  or 
below  that  at  which  the  meter  is  cali¬ 
brated.  Where  great  accuracy  is  de¬ 
sired,  readings  must  be  corrected  by 
means  of  calibration  curves.  Another 
slight  disadvantage  is  that  for  all 
measurements  the  current  applied  to 
the  bridge  must  be  maintained  constant. 


MOBILE  TELEVISION  PICK-UP  UNIT 


At  the  television  exhibit  in  the  Science  Museum,  London,  is  displayed 
this  model  of  the  Marconi-E.M.l.  equipment  for  outside  television 
broadcasts.  Note  the  “Emitron"  camera  at  the  left 
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MANUFACTURERS  OF  SEAMLESS 
AND  LOCKSEAM  CATHODE  SLEEVES 
AND  FINE  SEAMLESS  TUBING  IN 
VARIOUS  METALS  AND  ALLOYS 


SUPERIOR  TUBING 


electronics  —  ^ligiisf  1937 


AmerTran  Type  “H”  6lament  trani* 
former — insulated  up  to  50  Ke.  lest. 


Manufactured 
Since  1901  at 
Newark,  N.  J. 


Simple  DiiTerential 
Amplifier 


For  circuits  utilizing  either  type  '66  or  '72  rectifier 
tubes  AmerTran  offers  a  full  selection  of  standard 


insulated  construction.  These  units  are  moderately 
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AmerTran  Type  **W’*  air-insulated 
plate  transformer,  a  fully  enclosed 
unit  with  all  leads  to  bushings — 
S.sei  to  7  Kra. 


transformer  components  of  fully  enclosed,  air- 


A  SIMPLE  TWO  TUBE  differential  ampli¬ 
fier  having  a  voltage  amplification  of 
about  160,  and  independent  of  fre¬ 
quencies  up  to  about  20  kc.  per  second, 
which  is  suitable  for  amplifying  the 
voltage  between  two  electrodes,  each 
having  a  high  impedance  with  respect 
to  ground,  is  described  by  Otto  H, 
Schmidt,  in  an  article  entitled  “A  Sim¬ 
ple  Differential  Amplifier,”  in  the  Re¬ 
view  of  Scientific  Instruments  for  April 
1937.  The  amplifier  is  simple  to  build 
and  adjust  and  is  quite  inexpensive 
since  only-  two  tubes,  two  rheostats, 
and  a  resistor  enter  into  its  construc¬ 
tion. 


priced,  quickly  available,  of  exceptionally  flexible  de¬ 
sign,  and  of  highest  quality  construction  throughout. 
They  are  being  used  extensively  throughout  the  world 
by  manufacturers  of  radio  transmitters,  communica¬ 
tion  companies,  and  broadcasting  stations.  May  we 
quote  you  on  equipment  for  your  requirements? 


AmerTran  Type  **L**  filter  reactor 
with  mounting  limilar  to  plate 
tranfformer — insulated  up  to  25  Kv. 
r.m.i.  test. 


AMERICAN!  TRANSFORMER 
COMPANY 

178  Emmet  St,  Newark,  N  J. 
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In  the  schematic  wiring  diagram,  the 
tube  Tf  functions  as  a  normal  high 
gain  amplifier,  its  plate  circuit  furnish¬ 
ing  the  output  of  the  device.  The  tube 
Tft  serves  both  as  a  high  gain  amplifier 
and  as  a  phase  converter.  Both  tubes 
are  identical  high  mu  pentodes,  such 
as  the  6B6,  57,  or  6J7. 

For  a  differential  amplifier  it  is  es¬ 
sential  that  the  input  circuits  be  sym¬ 
metrical  and  that  the  output  should  be 
independent  of  the  mean  voltage' of  the 
two  control  grids  within  reasonable 
operating  limits.  The  first  of  these 
conditions  demands  that  the  screen  and 
grid  potentials  of  both  tubes  be  equal. 
This  is  obtained  by  varying  the  re¬ 
sistor  R,  until  the  plate  current  of  the 
tube  Tc  does  not  vary  when  /?,  is 
changed.  For  this  adjustment  it  is 
necessary  that  the  input  terminals  B 
and  C  be  connected  to  A,  Independence 
of  the  output  upon  the  mean  grid  po¬ 
tential  is  assured  by  adjusting  the 
;  rheostat  R,  until  the  output  is  zero, 
when  a  small  alternating  voltage  is 
applied  between  A  and  the  two  grids 
B  and  C.  Neither  of  these  adjustments 
is  critical  and  in  practice  they  need  be 
made  only  infrequently. 


mi\im 


PARTS 


Power  Tube  Rating 

Perhaps  radio  amateurs  are  the  most 
notorious  overload  addicts  as  far  as 
vacuum  tubes  are  concerned.  For  this 
reason  the  article  “Frank  Talks  About 
This  Business  of  Transmitting  Tube 
Ratings,”  by  E.  C.  Hughes  in  the  June 
issue  of  QST  should  find  a  receptive 
audience.  However,  amateurs  are  not 
the  only  ones  that  can  profit  by  this 
article,  and  we  should  think  a  number 
of  readers  of  Electronics  would  classify 
this  article  as  one  they  must  read  in 
the  near  future. 
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For  the  Bulletin  Board 


20th.  1937 


TO  ALL  EMPLOYEES 


Here  is  a  paragraph  of  a  letter  received  today  from  another  custo* 
mer  ivho  seems  to  think  veil  of  this  organization: 


**  •...  and  I  can  sign  myself  ’yours  sincerely’  ehen 
I  say  that  the  service  and  cooperation  you  wrap  up 
along  elth  our  orders  for  Staokpole  products  has 
materlcdly  aided  us  In  keeping  quantity  production 
on  a  quality  basis . . . . . ** 


Customers’  comments  on  the  work  vie  do  here  are  of  vital  Interest 
to  us  all,  and  praise  such  as  the  above  should  be  as  gratifying 
•'to  you  as  It  Is  to  the  management* 


P.  S.  This  Is  no  reason  for  svelled  heads  In  any  department. 


^TACKPole  rA  »  ■='*'*==**S*^M 

SWITCHES  ''•.e  CARBON  c  m  ^ 

1  '*esistors  5T.  MARys  prukjo  ^  ®  M  P 

_  •’’'"'"“‘"•••W.nl,,.™  ,  ’"'NIA  suppressor 

^  ^  ^  equipment 


I|  Kecortliiig  Microphotuiiieter 

!■  A  NEW  RECORDING  microphotometer  em¬ 
ploying  a  phototube,  two  high  triodes, 

!  three  resistors  and  suitable  batteries  is 
I  described  by  H.  V.  Knorr  and  V.  M. 
Albers  in  the  June  issue  of  the  Revieiv 
of  Scientific  Instruments,  pp.  183-184. 

!  The  advantages  claimed  for  this  sys- 
!  tern,  a  schematic  wiring  diagram  of 
which  is  shown  in  these  columns,  in¬ 
clude  obtaining  of  an  inked  tracing, 
stability  and  freedom  from  mechanical 
vibrations,  very  constant  zero,  large 
'  deflection  compared  with  other  instru- 
1  ments  performing  the  same  function, 
and  ability  to  make  readings  while  the 
I  inked  tracing  is  being  made.  A  linear 
I  relation  between  deflection  of  the  re¬ 
corder  and  the  transmission  of  the  ma¬ 
terial  is  obtained. 

The  photographic  plate  to  be  ana¬ 
lyzed  is  moved  between  a  fixed  beam 
of  light  and  an  emission  type  of  photo¬ 
tube.  The  light  falling  on  the  photo¬ 
tube  causes  a  phototube  current  to  be 


FOR  INTERMEDIATE  AND 


vjRHicnu  ivwkmuo 

Textolite  tubing  is  especiallY  made  to  meet  the  me¬ 
chanical  and  electrical  requirements  of  coil 

forms  with  its  uniform  wall  thickness,  good  dielec¬ 
tric  strength,  low  variation  in  power  factor  measure¬ 
ments  between  drf  and  humid  conditions,  and  low 
moisture  absorption. 

In  the  fabrication  of  coil  forms,  holes  must  be  ac- 
curatelY  punched  and  the  tube  preciselY  threaded. 
General  Electric  offers  y^u  the  of  fabricating 

experience  and  modern  machining  facilities  of  its 
Textolite  distributor,  General  Laminated  Products,  Inc. 

Write^for  farther  information  on  Textolite  coil  forms 
pr  on  anY  other  fabricating  requirements  to  our 
nearest  distribiitor,  listed  below,  or  to  Section  P-422, 
Appliance  and  Merchandise  Department,  General 
-Electric  CompanY,  Bridgeport,  Coimecticut. 


established  which  varies  the  grid  volt¬ 
age  on  tube  No.  1.  The  amplified 
voltage  appears  across  the  resistor  R,; 
the  output  voltage  across  R,  and  R^  is 
fed  to  a  Leeds  and  Northrop  Speedo- 
max  recorder.  The  resistance  of  R, 
and  R,  are  equal  and  the  two  triodes 
should  have  identical  characteristics,  al¬ 
though  this  is  not  imperative  since 
slight  variations  can  be  taken  care  of 
by  the  position  of  the  tap,  A.  This 
amplifier  circuit  may  be  looked  at  as  a 
push-pull  d-c  amplifier  in  which  the 
grid  voltage  variations  occur  for  only 
one  of  the  tubes. 


QENERAI  LAMINATED  PRODUCTS,  Ine. 
tss  snm«Gi  RUET  sits-sin  caxrou  avk. 


mw  Tone,  M.T. 


cbsuloo,  at. 


GENERAL  ®  ELECTRIC 


APPLIANCE  AND  MERCHANDISE  DEPARTMENT,  GENERAL 
ELECTRIC  COMPANY,  BRIDGEPORT,  CONNECTICUT 


WWV  Standard  Fr**qiiency 
Transmissions 

Letter  Circular  LC  498,  issued  May 
12  by  the  National  Bureau  of  Stand¬ 
ards,  Department  of  Commerce,  Wash¬ 
ington,  D.  C.,  is  a  mimeographed  cir¬ 
cular  of  31  pages  on  “Methods  of  Using 
Standard  Frequency  Radio  Emissions.” 
In  addition  to  outlining  various  prac¬ 
tices  in  utilizing  emitted  radiations  of 
constant  frequency,  LC  498  contains  a 
lengthy  bibliography  on  this  general 
subject. 

Letter  Circular  LC  499,  dated  May 
15,  outlines  the  services  made  available 
through  WWV  at  Beltsville,  Md.,  par¬ 
ticularly  as  regards  the  studies  of  the 
ionosphere  and  radio  transmission  con¬ 
ditions. 
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its  possibilities  of  material  assist¬ 
ance  in  the  manufacture  of  your 
product.  Write  for  "SYNTHANE 
laminated  bakelite  for  Mechanical 
Applications'^.  (Please  indicate 
your  requirements  in  your  re¬ 
quest.)  .  .  .  SYNTHANE  gives 
vou  MATERIAL  SATISFACTION. 


the  ignition  system. . . .  SYNTHANE 
laminated  bakelite  is  a  uniformly 
dense,  solid  material  possessing  a 
combination  of  useful  physical  and 
electrical  characteristics.  It  is  tough, 
strong  and  light  in  weight;  one  of 
the  most  effective  dielectric  mate¬ 
rials;  chemically  inert  and  corrosion 
resistant;  easy  to  machine.  Uses  for 
SYNTHANE  are  too  numerous  to 
total  .  .  .  SYNTHANE’S  ability  *"to 
take  it"  in  outboard  motors  suggests 


EKE  she  comes 
I  and 


goes . .  .wide 

ll  of  white 

over  a  rippled 
’ 

mirror  —  she  s 
over,  winner  by  three  lengths.  Next 
time  your  eye  tries  to  catch  a  "water- 
hug",  remember  outboard  racing  is 
more  than  a  sport . . .  it’s  a  gruelling 
test  of  reliability.  That’s  why  you’ll 
find  SYNTHANE  used  for  insulating 


SHEETS  •  RODS  •  TUBES  •  FABRICATED  PARTS 


SILEMT  STABILIZED  GEAR  MATERIAL 


31 6  A 


304B 


305A 
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T&t  Modern  High  Frequency  Jobs 


. . .  4  outstanding  tubes 
by  WESTERN  ELECTRIC 


Ultra  High  Frequency 
Oscillator-Amplifier  Triode 


Ultra  High  Frequency 
Oscillator-Amplifier  . 
Triode 


The  tube  that  icork$  below  I  Meter. 

•  h..!  wattH  at  .»(M)  Me.  (60  cm.) 
FILAMENT:  2.0  Volta;  3.f*o  Ampa 
PLATE:  l-.iO  Volta.  Max.;  80  Mila. 

30  ^’alta  Diaaipalion 

=  6..1 


For  effictent  operation 
at  200  Mo. 

35  Watts  Output 
*  60  Watts  at  60  Me. 
FILAMENT:  7.3  Volts;  3.25  Amps. 
PLATE:  1250  Volts  Max. ;  100  Mils.; 
50  ^  alts  Dissipation 
u  =  \l 


Ultra  High  Frequency 
Screen  Grid 
Amplifier 


Suppressor  Grid 
Pentode 


An  efficient  Screen  Grid 
Amplifier  at  100  Me. 

*  55  Watts  at  60  Me. 
FILAMENT:  10  Volts;  .3.1  Amps. 
PLATE:  1000  Volts.  Max.;  12.5  Mila.; 

60  Watts  Dissipation 


SCREEN  GRID:  200  Volts  Max.: 6  Watts 


Western  Electric 

Oiitributed  by  GRAYBAR  Electric  Co.  In  Canada:  Northern  Electric  Co.,  Ltd. 

RADIO  TELEPHONE  BROADCASTING  EQUIPMENT 


C  Carrier  Power  aubject  to  lOO^'c  Modulation 


tor  further  information,  consult  your 
di  aler  —  or  write  to  Graybar  Electric,  i'  ISt 
Graybar  Building,  New  York.  ly 


GravtiaR 


% 
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Portable  Phototube  Amplifier 
With  High  Input  Resistance 

Under  the  title  of,  “A  Portable 
Phototube  Unit  Using  an  RCA  954 
Tube”  appearing  in  the  June  issue  of 
the  Review  of  Scientific  Instrumente,  G. 
H.  Gabus  and  M.  L.  Pool  discuss  the 
problem  of  amplifying  minute  currents 
produced  by  a  phototube  and  show  an 
arrangement  in  which  standard  radio 
parts  may  be  used  to  provide  an  am¬ 
plifier  which  is  not  only  portable  but 
has  unusually  high  input  resistance. 

The  factors  making  for  only  moder¬ 
ately  high  input  resistance  in  the  ordi¬ 
nary  vacuum  tube  are  electron,  ion,  and 
leakage  conductance.  The  ordinary 
radio  tubes  operated  at  rated  voltages 
may  be  expected  to  have  an  input  re¬ 
sistance  of  10*  to  10*  ohms;  in  the  ar¬ 
rangement  used  by  these  authors  the 
input  resistance  has  been  increased  to 
10'*  to  10'*  ohms.  This  has  been  ac¬ 
complished  by  reducing  the  voltages  on 
the  various  elements  so  as  to  greatly 
reduce  the  possibility  of  ionization  and 
by  using  the  electrode  connections 
shown  in  the  schematic  wiring  diagram, 
as  well  as  through  the  use  of  the  954 
acorn  pentode  which  has  input  resist¬ 
ance  somewhat  higher  than  the  ordi¬ 
nary  radio  tubes. 


0-?00>uA 


:?oo.ooo 


ykeAexd  V 

NO  SUBSTITUTE 
GRAPHITE 


In  the  diagram  shown,  the  filament 
voltage  is  4J  volts;  the  plate  is  oper¬ 
ated  at  6  volts  and  the  screen  at  from 
13  to  18  volts.  No.  1  grid  is  connected 
to  the  cathode.  No.  2  grid  is  the  screen, 
and  No.  3  grid  is  the  control  element. 
The  number  of  ions  reaching  the  No 
3  grid  from  the  vicinity  of  the  cathode 
is  greatly  reduced  because  they  are 
repelled  by  the  positive  voltages  ap¬ 
plied  to  the  No.  2  grid  and  the  plate. 


Whatever  the  size  and  shape  of  the  anode, 
If  It's  a  Speer  Processed  Graphite  Anode  It 
cannot  fuse  or  warp,  Improves  the  degas¬ 
sing  qualities  of  transmitting  tubes,  de¬ 
creases  gas  trouble,  minimizes  Insulator 
leakage. 

In  buying  tubes,  be  sure  the  Anodes  are 
Speer  Graphite.  They  are  used  In  the 
better  tubes.  List  of  makers  and  booklet 
on  request. 


Increase  in  Motion  Picture 
Theaters 

Increase  in  the  use  of  electron  tub< 
in  the  motion  picture  industry  is  in¬ 
dicated  in  a  report  from  the  Bureau  t)f 
Foreign  and  Domestic  Commerce  which 
reports  that  on  January  1,  1937,  there 
were  95,379  motion  picture  theaters 
throughout  the  world  of  which  55,5d3 
were  wired  for  sound.  A  year  ago 
there  were  87,229  motion  picture  houses 
of  which  51,697  were  wired  for  sound. 
Theaters  of  Soviet  Russia  accounted 
for  52.5%  of  the  increase  of  8,150. 


SPEER  CARBON  COMPANY 

ST.  MARYS,  PA. 
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R\DI()  engineers  choose  Alsimag  196  as  the  most  advanced  insulating  me¬ 
dium  of  the  day  for  high  frequency  work,  because  it  achieves  the  combina¬ 
tion  of  very  low  dielectric  loss,  mechanical  strength,  density  and  versatility  of 
sizes  and  shapes. 

By  constant  Laboratory  development,  American  Lava  seeks  to  lead  in  producing 
new  steatite  ceramic  materials  of  outstanding  merit. 

There  is  now  available,  a  table  of  characteristics,  giving  facts  about  Alsimag 
in  useful  data.  If  you  do  not  have  a  copy,  let  us  have  your  request. 

American  Lava  Corporation 

Chattanooga,  Tennessee 


Sales 

CHICAGO 
CLEVEL.AND 
ST.  LOUIS 
SAN  FRANCISCO 
LOS  ANGELES 


Offices - 

NEW  YORK 

PHILADELPHIA 

BOSTON 

TORONTO 

WASHINGTON. 
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Frequency 
Measuring  Service 

Why  You  Should  Subscribe  to 
This  RCA  Service 

Stringent  FCC  regulations  make  imperative  vigilant  supervision 
of  emitted  signals. 

No  modem  transmitter,  vrhile  stable,  reliable,  and  skUliully 
operated  is  totally  immune  from  occasional  frequency  drifts.  Such 
drifts  occur  when  least  expected.  It  is  extremely  important  that 
they  be  detected  and  corrected  before  they  assume  serious 
proportions. 

Local  checking  equipment  is  of  value,  but  con  only  be  relied  upon 
if  such  equipment  is  occasionally  calibrated  against  standards  of 
imquestioned  accmacy. 

RCA's  laboratories,  which  moke  several  thousand  measurements 
per  month,  hove  gained  on  unrivaled  background  of  many  years  of 
experience  in  systematic,  precise,  measurements,  of  the  frequencies 
of  RCA  and  foreign  commercial  radio  stations,  operating  on  fre¬ 
quencies  ranging  from  15  EC  to  100  Megacycles. 

Numerous  Broadcasting,  Police,  Aviation,  and  Commercial 
stations  throughout  the  United  States,  and  in  Canada,  Mexico,  and 
the  West  Indies,  rely  with  confidence  upon  this  RCA  Service. 

R.CJI.  engineers  ore  frequently  scanning  all  of  the  bonds  and 
whenever  they  may  happen  to  note  that  a  subscriber's  frequency 
shows  excessive  deviations  or  development  of  spurious  radiations 
the  subscriber  is  immediately  notified  by  telephone  or  telegraph. 

The  accuracy  of  RCA  Standard  OsciUotors  is  better  than  one  part 
in  a  million  which  means  that  measurements  in  the  broadcast  band 
are  covered  within  a  fraction  of  a  cycle  per  second. 

Measurements  made  by  RCA  Laboratories  are  acceptable  to  the 
FCC. 


For  Emergency  Service  Phone  or  Wire 
the  Nearer  Laboratory  (Always  Open) 

Riverhead,  N.  Y. 

Point  Reye*.  Colil. 

Phone: 

Phone:  Ivemess  9-W 

Riverhead  2290 

W.  U.  Telegraph  Only 

W.  U.  Telegraph  Only 

Point  Reyei,  Station 

Riverhead,  New  York 

Marin  Co..  Calii. 

For  Routine  Service  Apply  at  the 

Nearer 

Oifice 

Commerci.  1  Dept. 

Commercial  Dept. 

New  York,  N.  Y. 

66  Broad  Street 

San  Francisco, 
ColU. 

28  Geary  Street 

Phone: 

Phone: 

HAnover  2-1811 

Garfield  4200 

R.  C.  A.  COMMUNICATIONS.  Inc. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 
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Organic  Tissues  at 
Short  Waves 

When  placed  in  a  high  frequency  field 
a  biological  tissue  behaves  in  the  same 
way  as  a  leaky  condenser,  according 
to  Kurt  Osswald,  Siemens  Research 
Laboratory,  Berlin.  Losses  in  a  leaky 
condenser  traversed  by  a  given  cur¬ 
rent  are  largest  when  the  ohmic  com¬ 
ponent  is  equal  to  the  capacitive  com¬ 
ponent  of  the  current.  This  condition 
may  be  shown  to  agree  with  the  equa¬ 
tion  expressing  that  the  product  fre¬ 
quency  times  conductivity  (in  electro¬ 
static  units)  is  equal  to  twice  the  di¬ 
electric  constant.  A  maximum  amount 
of  heat  is  therefore  set  free  in  the 
condenser  at  a  certain  frequency  which 
is  determined  by  conductivity  k  and 
dielectric  constant  e  as  w’as  showm  ex¬ 
perimentally  by  Patzold.  Providing 
that  k  and  e  differ  markedly  from  tis¬ 
sue  to  tissue  selective  heating  should 
be  possible  if  the  frequencies  are  prop¬ 
erly  adjusted. 

In  order  to  find  these  frequencies  it 
is  necessary  to  measure  k  and  e  on 
the  same  sample  and  at  the  same  time. 
The  use  of  the  “barrating  bridge”  has 
been  proved  by  Wien  to  suit  the  pur¬ 
pose. 

In  the  barrating  method  an  audio  or 
radio  frequency  current  is  induced  in 
the  measuring  circuit  containing  L 
and  C  in  series  and  made  to  flow 
through  two  branches.  One  branch 
contains  the  condenser  C„  with  the 
substance  to  be  studied  between  the 
plates  and  a  variable  condenser  c  in 
parallel,  the  whole  in  series  with  L, 
and  a  variable  C„  the  other  branch  is 
formed  of  calibrated  parts  L*,  C", 

The  two  branches  are  connected,  di¬ 
rectly  or  inductively,  to  two  arms  of  a 
bridge  and  if  the  two  branches  produce 
the  same  heating  effect  in  the  two  arms 
(lamps  or  filaments  H  of  vacuum 
tubes)  the  indicating  instrument  is  not 
deflected.  When  the  frequency  /  is 
such  that  4ir*  /,  LC  =  1,  and  R  and  A' 
designate  the  resistance  and  the  re¬ 
actance  in  the  two  branches  the  condi¬ 
tion  for  no  deflection  in  the  bridge  cir¬ 
cuit  is  R‘  +  X;  =  R*  +  A,*.  The  de¬ 
flection  is  proportional  to  the  differ¬ 
ence  between  the  two  sides  of  the  equa¬ 
tion.  By  varying  the  setting  of  the 
condenser  in  the  first  branch  the  posi¬ 
tion  at  which  X,  disappears  is  ascer¬ 
tained;  the  deflection  is  a  minimum  at 
this  point.  The  settings  in  the  second 
branch  are  then  adjusted  until  A,  =  0; 
according  to  the  formula  this  condition 
correspond  to  maximum  deflection.  The 
resistance  R,  is  then  changed  until  the 
deflection  vanishes,  when  R,  =  R,.  The 
leakage  and  the  dielectric  constant  of 
the  condenser  C„  are  therefore  known. 

The  material  (muscles,  liver,  kidney, 
etc.)  was  removed  from  freshly  killed 
pigs  and  calves,  and  carried  in  warm 
vacuum  jackets  to  the  laboratory.  It 
was  cautiously  cut  into  sizes  to  fit  the 
condenser.  Tissues  from  the  same  or¬ 
gan  but  different  animals  gave  about 
the  same  result.  The  conductivity  is 
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IXltimate  in 

SUPER¬ 

SENSITIVITY 

1.  *No  Current  Draw 

2.  **  S*lf-Calibration 


3.  ***  No  External  Field  Effect 


•Jleuu  accunc;  cannot  be  affected  by  the  current  draw 
vt  the  instrument  itself.  No  current  draw  and  perma¬ 
nent  accuracy  of  Triplett  Vacuum  Tube  Voltmeter  is 
assured  by  the  self-calibratini  bridge  circuit  used. 

’*Ttie  most  important  adrancement  in  circuit  design  for 
precitloo  electrical  instruments  in  recent  years. 

***No  external  effect  means  strays  will  not  affect 
readings. 

Laboratories  and  engineers  wiil  use  and  im¬ 
mediately  appreciate  the  significance  of  this 
remarkable  instrument. 

The  self-calibrating  feature  is  automatic 
with  the  tube  bridge  circuit  developed  by 
Triplett  engineers  (Pat.  Pending).  The  initial 
operation  of  adjnieting  the  bridge  at  the 
zero  level  insures  exact  calibration  inde¬ 
pendent  of  tube  emission  values  or  when 
replacing  tubes. 

Model  1250  is  furnished  with  Triplett  tilting 
type  twin  instrument.  One  instrument  indi¬ 
cates  when  bridge  is  in  balance.  The  other 
is  a  three  range  voltmeter  wifh  scales  read¬ 
ing  in  peak  A.C.  and  D.C.  voltages.  Ranges 
are  2.5,  10  and  50  volts. 

Model  1250  is  complete  with  all  necessary 
accessories  including  1-84.  1-6C6,  1-76.  Case  is 


metal  with  black  wrinkle  finish,  etched 

panels  are  silver,  red  and  black. 

Dealer's  Net  Price . $33.S4 

Model  1251.  Same  as  above,  but  with  ranges 

of  3-15-75-300  volts. 

Dealer’s  Net  Price . $43.33 


‘  MAIL  THIS  COUPON 


The  Triplett  Electrical  Inetniaent  Co. 

23$  Haraon  Ave.,  Bluffton,  Ohio 
Without  oUlgatlon  please  send  me  complete  in¬ 
formation  on 

....TViplett  Vacuum  Tube  Voltmeter. 

....I  am  abo  Interested  In . 

Name  . 

Address  . 

City  . 

State  . 


up  to  ten  times  higher  at  these  high 
frequencies  than  at  audio  frequencies, 
and  in  the  case  of  liver,  spleen  and 
brain  continues  to  increase  with  in¬ 
creasing  frequency  at  3  meters, 
whereas  with  blood  the  main  rise  takes 
place  in  the  range  of  broadcast  fre¬ 
quencies.  The  dielectric  constant  de¬ 
creases  with  increasing  frequency  be¬ 
tween  3  and  12  meters.  At  12  meters 
the  dielectric  constant  of  the  kidney 
equals  200. 

When  the  wave-lengths  that  would 
produce  the  largest  amount  of  heating 
are  computed  from  e  and  k,  all  the 
results  are  below  1  meter.  There  ap¬ 
pears  to  be  little  difference  between 
various  organs  of  the  body.  All  that 
can  be  hoped  for  is  that  blood  and 
muscles  may  be  more  strongly  heated 
than  fat  by  using  for  fat  a  4  meter 
wave,  and  for  the  muscles  1.5  meters. 
Schaefer,  however  finds  the  opposite 
behavior.  Gall,  urine  and  blood  may 
be  considered  as  electrolytes;  it  appears 
possible  to  heat  them  more  strongly 
than  the  tissues  by  using  waves  of 
0.76,  0.37  and  1  m.  respectively.  (Hf. 
Tech.  El.  Ak.  49;  40-47.  1937.) 


Pliotoeleetrie  Photoiiieler 

A  PHOTOELECTRIC  photometer,  having  as 
its  principal  applications  the  accurate 
determination  of  amounts  of  substance 
in  solution  and  chemical  analysis  by 
a  rapid,  simple  technique  based  upon 
special  photometric  methods  has  been 
developed  for  commercial  use  by  the 
Central  Scientific  Co.,  and  is  known 
as  its  “photelometer.”  The  essential 
features  of  the  photelometer  are  the 
optical  system,  the  carrier  for  the  ab¬ 
sorption  cell  in  which  particles  may  be 
suspended  in  a  liquid,  and  the  elec¬ 
trical  measuring  system.  The  optical 
system  consists  of  a  6-volt  incandescent 
lamp  operated  by  a  transformer  of  con¬ 
stant  power  output,  a  precision  iris  dia¬ 
phragm,  and  a  light  filter  of  suitable 
transmission  characteristics  for  the 
work  at  hand.  A  small  glass  rec¬ 
tangular  cell  is  used  for  holding  the 
liquid  in  which  particles  may  be  sus¬ 
pended.  The  electrical  measuring  sys¬ 
tem  consists  of  a  self-generating  type 
photoelectric  cell,  connected  to  a  low 
resistance  microammeter  of  high  sensi¬ 
tivity.  The  schematic  wiring  diagram 
of  the  photelometer  is  shown  in  the 
attached  diagram. 


An  Exceptionally 
Accurate  Instrument 

"  for  this  prico  range  ■“ 


Absorp'f  ion  Self  gene''a'^'nci 

cef!  \  _pho-‘o  - ^ 


Cc''~'C‘nl' 

ou‘vj'‘ 


L:ahf ,  vf ■ 


Transparent  substances  absorb  some 
of  the  incident  light,  and  transmit  the 
remainder.  The  ratio  of  intensities  of 
transmitted  to  incident  light  is  the 
transmission  factor  for  that  substance. 


Type 

Audio  Oscillator 

Widely  used  by  leading  Universities 
and  Industrial  Laboratories. 

Prove  its  accuracy  to  yourself.  ^  If  in¬ 
terested  we  will  ship  you  one  for  inspec¬ 
tion. 

Literature  and  Specification  sent  upos 
request. 

UNITED  SOUND 
ENGINEERING  CO. 

Monirfocturerf  ol 
Flrrf'onJc  Equipment 

2235  University  Ave., 
St.  Paul,  Minn. 


ftp^aking  o/ 

RADIO  PARTS 


We  arc  nprrialiMn 

in  stamping  work 
of  all  typew.  If  you 
are  fared  s*ilh  a  dif- 
firult  special  prob¬ 
lem  of  this  kind,  let 
us  help  you.  Con¬ 
sult  us  without  obli¬ 
gation;  the  splendid 
facilities  of  ARHCO 
are  at  your  service 


American 

Radio  Hardware  C0.9  lae. 

470  Broadway,  New  York  Cit.v 
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says  Mr.  Owen  O.  Tressler 

of  Elmira  Heights,  New  York 

“I  have  used  Centralab  vol- 
ume  controls  for  the  past 
three 


years,  and  FIND 
y  THEY  CANNOT  BE 
EQUALLED.  Not  only  are 
they  quiet  in  operation,  but 
they  FIT  the  sets  they  are 
^  built  for.” 

Mr.  Tressler  is  but  one 
of  the  many  radio  men 
throughout  the  land  who 
prefer  CENTRALAB  controls  for  satisfac¬ 
tory  replacements.  Manufacturers,  experi¬ 
menters  and  set  builders  have  in  growing 
numbers  changed  to  CENTRALAB  for  bet¬ 
ter  performance.  Specify  “CENTRALAB.” 


A  corner  of  Mr.  Tressler’s  service  shop,  lo¬ 
cated  in  Elmira  Heights,  a  suburb  of  Elmira, 
N.  Y.  The  largest  service  shop  in  Elmira — 
employs  three  service  men.  Mr.  Tressler  has 
a  service  background  of  thirteen  years. 


DIVISION  OF  GLOBE  UNION  INC.,  MILWAUKEE 

Canterbury  Rd.  Kilboum  N.  W.,  England 
118  Avc.  Ledru-Rollin,  Paris 
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field  strength  at  one  mile  for  each  station 
is  240  Millivolts  per  meter  per  kilowatt. 
The  inner  fringe  of  fading  is  at  approx¬ 
imately  100  miles.  The  tower  efficiency  is 
much  better  than  we  had  expected,  both 
as  to  the  low  angle  of  sky  radiation  and 
the  signal  produced  at  one  mile. 

"Structurally,  the  tower  has  excited 
quite  favorable  comment  from  visiting 
engineers. 

"So  far  as  I  have  been  able  to  determine, 
our  Truscon  tower  is  the  most  efficient 
of  any  broadcast  antenna  in  the  Pacific 
Northwest.” 


This  570  foot  giant  at  Seattle,  Washing¬ 
ton,  serves  two  stations... KO MO  (5000 
watts)  and  KJR  (5000  watts).  In  a  letter 
dated  June  11,  1937,  F.J.  Brott,  Chief  En¬ 
gineer  of  Fishers  Blend  Stations,  states . . . 

"On  March  29,  1936,  we  started  using 
the  Truscon  570  foot  self-supporting  an¬ 
tenna  for  KOMO  with  a  5000  watt  input. 

"On  October  27,  1936,  we  put  KJR  on 
the  same  antenna  with  a  5000  watt  input, 
using  a  filter  network  at  the  base  of  the 
antenna. 

"The  results  show  that  the  tower  is  very 
satisfactory  as  a  radiator.  The  average 
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NOISE  TESTED 
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and  is  given  by  the  equation 


In  this  equation  T  is  the  transmission 
factor  of  a  solution  of  concentration  c 
and  of  thickness  I,  and  t  is  the  trans¬ 
mission  factor  for  the  solution  of  unit 
concentration  and  unit  thickness.  From 
this  equation  the  concentration  of  the 
solution,  c,  may  be  determined  by  meas¬ 
uring  T  when  the  factors  I  and  t  are 
known.  In  practice  the  thickness  of 
the  solution,  I,  is  determined  by  the 
size  of  the  cell  used  so  that  there  are 
only  three  variables  in  the  above  equa¬ 
tion  for  a  given  series  of  measurements. 
The  reading  of  the  microammeter  of 
the  photelometer  may  therefore  be 
calibrated  to  show  the  concentration  of 
a  given  solution. 

The  photelometer  has  al.so  been  used 
to  determine  particle  distribution 
and  the  specific  surface  area  of  par¬ 
ticles  in  su.spension.  In  making  these 
measurements  the  particles  are  dis¬ 
persed  in  a  suitable  medium  and  ob¬ 
servations  are  made  on  the  transmission 
of  light  through  the  cell  containing  the 
dispersed  material,  as  the  particles 
settle.  The  particles  are  assumed  to 
obey  Stokes’  law  of  fall,  and  it  is  as¬ 
sumed  that  the  surface  area  of  all  the 
particles  having  diameters  less  than  d 
microns  is  proportional  to  the  negative 
logarithm  of  the  transmission  factor  of 
the  sample  at  a  fixed  point  below  the 
surface  of  the  liquid.  Based  on  these 
assumptions  the  particle  distribution 
and  specific  surface  area  may  be  de¬ 
termined  for  a  given  sample  by  taking 
observations  of  the  photelometer 
microammeter  reading  over  various 
intervals  of  time. 


. . .  1,000  OHMS  TO 
1,000,000  MEGOHMS 

^  NOISELESS  in  operation 
®  MOISTURE-PROOF  material 
•  STRONG  and  DURABLE 
WRITE  FOR  LITERATURE 


among  the 

Radio  Corporation 
RCA  Manufacturing 
RC\  Communications, 
General  Electric  Co. 

estinghou^  Elec.  & 
Automatic  Electric  Co 
Bartol 


At  slight  additional  cost,  resistors  will 
be  supplied  individually  "noise-testeir' 
to  this  specification:  "For  the  complete 
audio  frequency  range,  resistors  shall 
have  less  noise  than  corresponds  to  I 
part  in  1,000,000."  (For  values  up  lo 
10  megohms) 

The  S.  S.  WHITE  Dental  Mfg.  Co.  INDUSTRIAL  DIVISION 

10  East  40th  Street,  Room  2310E,  New  York,  N.  Y. 


Griffith  Observatory 


TWO  WAY  COMMUNICATION 


Inter-’phones,  office  to  office,  fac¬ 
tory,  shipping  depts.,  house  to  ga¬ 
rage  and  hundreds  of  other  uses. 
Positive  in  operation.  Simple  to 
install.  Modern  in  appearance.  Any 
number  of  ’phones  on  same  line. 

Dealers  and  jobbers  write  for 
discounts 

Microphone  Division 


Electromagnet 

A  NEW  TYPE  of  electromagnet  composed 
entirely  of  iron  or  steel  and  insula¬ 
tion,  without  the  use  of  copper  or 
other  non-ferrous  metals,  is  described 
by  Harvey  Allison  in  the  May  issue 
of  the  Review  of  Scientific  Instru¬ 
ments. 

The  magnet  consists  of  a  roll  of 
thin  sheet  iron  or  steel,  each  turn  of 
which  is  insulated  from  the  other. 
Electrical  contact  is  made  to  the  inner 
turn  as  well  as  to  the  outermost  turn 
and  a  current  is  passed  through  this 
iron  coil  which  then  becomes  an  elec- 
tromagfnet.  For  convenience  in  con¬ 
struction,  the  author  suggests  that  it  is 
desirable  to  attach  an  iron  rod  to  the 
inner  end  of  the  sheet  steel  by  solder¬ 
ing  or  other  convenient  method.  The 
thin  sheet  steel  may  then  be  rolled  on 
the  rod  which  can  be  used  for  the  elec’- 
trical  connection.  The  electrical  re¬ 
sistance  of  such  a  magnet  is  greater 
than  of  the  conventional  type  of  elec¬ 
tromagnet  but  can  be  considerably 
reduced  by  plating  a  thin  coat  of  copper 
on  the  sheet  iron.  An  interesting 
magnetic  property  of  the  rolled  mag¬ 
net  is  that  the  magnetism  is  strongest 
at  the  center  of  the  pole,  and  dimin¬ 
ishes  steadily  as  the  edge  of  the  roll 
is  approached. 


UNIVERSAL  MICROPHONE  CO.  LTD. 

Inglewood,  Col.,  U.  S.  A. 


per  station 

428  Warren  Lane 


MODEL  2  A 

A  12  milliwatt.  D.  C.,  ••mi-sensitiv*  instrumant  ior 
general  electronic  and  industrial  uses. 

Controls  ISO  watts,  noninductive  load,  at  J IS 
volts,  A.  C.,  on  single-pole  double-throw 
silver  contacts. 

.  ..  List  Price 

With  coil  resistances  up  to  2,000  ohms .  $5.00 

With  higher  coil  resistances .  5.50 

MODEL  M 

Embodies  Tobe  Mu-Switch.  Input,  50  milliwatts,  D.  C., 
Controls  1  kilowatt,  noninductive  load,  at  115  volts, 

A.  C.,  on  single-pole  double-throw  contacts. 

....  .  .  List  Price 

With  coil  resistances  up  to  2,000  ohms .  $7.00 

With  higher  resistances .  7.50 

Both  models  are  mounted  on  5-prong  base  to  plug  into 
standard  tube  socket. 
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DEClllELS 


TUK  A E  W  SOUND  LE  VEL  METER 


herculean  feat  of  strength  is  required  to  ring  the  bell  every 
^  ^  time  in  any  sort  of  noise  measurement  with  the  new  General 
Radio  Type  739-A  Sound-Level  Meter.  It  is  portable,  light  in  weight, 
self-contained,  can  be  operated  by  anyone  with  a  few  minutes  prac¬ 
tice  and  supplies  the  correct  answer  under  all  conditions. 


AMOAG  IT^  M AAY  FEATURES: 


PIEZO-ELEC  THIf'  .>f  ll'HOPHO^'E:  Non-dirertional  .  .  .  uniform 

frequency  eharaeleriiitic  .  .  .  not  affected  by  ordinary  changes 

in  temperature  or  humidity  or  mechanical  vibrations. 


STA^’DARDIZED  READIA'CrSx  Meets  standards  of  engineering  societies. 


I’!VI’SL'AL  KEAKITIVITYt  Extends  to  24  db  above  a  zero  level  of  10' 
watts  per  cq.  cm.  Calibrated  from  +24  db  to  +130  db. 


KTARLE  CALIRRATIONt  Remains  constant  throughout  life  of  batteries. 
Can  be  checked  easily  by  the  user. 


SELF-I'OA'TAIA'ED:  Weighs  only  23  pounds  with  batteries 

convenient  carrying  handles  on  lid  of  case  and  on  instrument  itself. 


REQLIRE.S  A'O  RATTER!'  ADJLKTMEA'TSt  Ballast  tube  eliminates 
all  balterv’  adjustments. 


AOA’-MIC'ROPHOA’ICt  Special  construction  eliminates  microphonic 
noises  and  resulting  serious  errors. 


AOA'-MAVA'ETIC'  PK'K-L'Ps  No  inductance  coils  or  transformers  to 
introduce  serious  errors  from  electrical  pick-up. 


THREE  WEIGHTING  NETWORKSt  Over-all  frequency  characteristic 
corresponds  to  that  of  human  ear  no  matter  what  the  sound 
level  is. 


^MODERATE  PRlI'Et  Many  noise  meters  costing  two  or  three  times  as 
much  do  not  have  all  the  features  of  the  G-R  Type  759-A  Sound 
Level  Meter.  Its  price  is  only  $195.00  complete  with  all  tubes  and 
batteries  and  ready  for  immediate  operation. 


for  Bulletin  160-E 
for  Complete  information 


GENERAL  RADIO  CO 


Cambridge,  Massachusetts 

New  York  Los  Angeles  San  Francisco 
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JAMES  G.  BIDDLE  CO. 

ILiCTHICAL  AND 
SCI  e  N  J  IF  1C  INSTRUMFNTS 
1911-13  ARCH  ST  PHILADELPHIA,  PA, 


Relays  in  Tube 
Circuits 

(Continued  from  page  21) 

as  we  know  the  signal  variations  of 
the  grid  voltage. 

For  example,  with  6L6  operating 
at  400  volts,  the  maximum  magneto¬ 
motive  force  will  be  developed 
L  assuming  the  grid  may  go  to  0  but 
not  positive)  when  the  load  line  con¬ 
nects  the  point  of  tangency  of  the 
tube  and  relay  characteristics  with  j 
the  point  Et,  =  400,  Ip  =  0.  This 
gives  a  load  resistance  Rl  =  j 
Eb/Ip  =  400/0.225  =  1780  ohms.  The 
magnetomotive  force  developed  by 
the  relay  at  zero  grid  voltage  will  be 
2500  ampere  turns  times  the  scale 
factor  of  1.972  or  4935  ampere  turns. 
If  the  grid  bias  is  — 15  volts  and  we 
superimpose  a  signal  of  10  volts 
(peak)  on  the  grid,  the  quiescent 
MMF  will  be  1250  x  1.972  or  2460 
ampere  turns  whereas  the  maximum 
and  minimum  MMF  will  be,  respec¬ 
tively,  2120  X  1.972  or  4170  am¬ 
pere  turns,  and  600  X  1-972  or  1180 
ampere  turns.  The  values  for  these 
latter  cases  are  determined  from 
the  points  where  the  relay  charac¬ 
teristics  coincide  with  the  load  line 
and  grid  voltage  curv'es.  For  the 
load  line  plate  voltage,  grid  bias,  and 
signal  voltage  we  have  assumed,  the 
magnetomotive  force  in  the  relay 
coil  will  vary  between  1180  and  4170 
ampere  turns,  peak  values. 

In  the  interests  of  stability  and 
good  design  it  is  desirable  to  make 
allowances  for  the  normal  variations 
of  tube  and  relay  characteristics  as 
i  well  as  for  voltage  variations  which 
j  may  arise  in  practice.  It  is  also 
desirable  to  operate  the  tube  at  the 
right  of  knee  of  the  tube  character¬ 
istics  for  greatest  stability. 

It  should  be  noted  that  the  opti¬ 
mum  condition  for  the  case  under 
consideration  does  not  take  into  ac¬ 
count  any  distortion  in  the  plate  cir¬ 
cuit  of  the  tube,  so  that  load  lines  as 
determined  by  the  method  described 
may  differ  from  those  determined 
where  high  quality  audio  frequency 
reproduction  is  a  consideration.  The 
fact  that  the  relay  characteristic  can 
be  used  with  other  forms  of  tube 
characteristics  (such  as  plate  voltage 
plate  current  curves  for  given  grid 
bias  with  screen  voltage  as  para¬ 
meter)  should  not  be  overlooked.  The 
method  of  operation  is  similar  to  that 
outlined  above. 
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for  fine  adjustment 
and  control 

•  SMOOTH 

•  POSITIVE 

•  RUGGED 

•  DURABLE 


For  fine  adjustment  and  control  of  electric 
current,  Jagabi  Sliding-Contact  Porcelain  Tube 
Rheostats  have  been,  for  many  years,  first 
choice  of  engineers  and  research  workers  in 
many  fields.  Stock  sises,  types  and  ratings  for 
most  requirements.  Special  rheostats  if  yon 
need  them.  Write  for  new  descriptive  Bulletin 
IS15-E. 
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VIDEO  AMPLIFIER  DESIGN 


(Continued  from  page  25) 


to  use  separate  bias  batteries  for 
each  stage,  but  this  is  not  an  eco¬ 
nomical  method.  The  usual  method 
of  obtaining  bias  by  means  of  a  re¬ 
sistor  in  the  cathode  circuit  is  satis¬ 
factory,  provided  that  the  resistor  is 
by-passed  by  a  sufficiently  large  con¬ 
denser.  If  the  by-pass  condenser 
is  not  sufficiently  large,  degenera-  where  k 
tion  will  result,  affecting  the  re¬ 
sponse  characteristic  of  the  ampli-  ^  _ 

fier.  Experience  indicates  that  a  ~ 

ratio  of  by-pass  reactance  to  cath¬ 
ode  resistor  of  less  than  one-tenth 
for  the  lowest  frequency  to  be  trans¬ 
mitted  is  necessary. 

A  transient  solution  of  the  ampli¬ 
fier,  including  the  plate  circuit  filter, 
is  extremely  cumbersome  and  beyond 
the  scope  of  this  paper.  If  the  plate  ~ 

circuit  filter  is  neglected,  the  tran¬ 
sient  solution  is  fairly  straight  for¬ 
ward  but  quite  mathematical.  The 
reader  who  is  interested  in  the  de¬ 
tails  of  the  solution  is  referred  to 
a  paper  by  H.  M.  Lane*,  published 

several  years  ago.  It  is  sufficient  to  _ 46f  +  36*t*  —  4/S 

note  here  the  results  of  a  similar 
analysis  and  the  interpretation  of 

these  results.  If  a  unit  voltage  is  It  is  readily  seen  from  these  equa- 


condenser  as  the  frequency  is  low¬ 
ered.  An  analysis  of  the  equivalent 
circuit  for  low  frequencies,  includ¬ 
ing  this  filter  (Fig.  9),  yields  the 
following  expression  for  the  gain  of 
a  single  stage: 

G—  Qm  uRgi  Cc 

If  the  circuit  is  so  proportioned  that 
RCg  =  RgiCe  and  i2r»  R  this  expres¬ 
sion  reduces  to: 


suddenly  impre.s.sed  upon  the  grid  of 
a  tube,  the  shape  of  the  voltage 
wave  impressed  upon  the  grid  of  the 
following  tube  will  be  given  by  the 
expression : 


Cc  ( RRp-\-RglRp-\'RRgl ) 


and  the  shape  of  the  voltage  wave 
impressed  upon  the  grid  of  the  third 
tube  is  of  the  form: 


with  a  phase  characteristic 


</>  z=  cotr^taRrCi 


For  a  large  number  of  stages  the 
expression  becomes  more  involved. 
Thus,  for  a  five-stage  amplifier,  the 
voltage  wave  at  the  output  is  of  the 
form: 


Using  equations  (8)  and  (1)  we  can 
determine  the  product  CrRr  neces¬ 
sary  to  give  a  variation  of  phase 
delay  T  in  microseconds  for  a  single 
stage  over  a  frequency  band  of  ten 
to  one: 


where  (o  is  2^  times  the  lowest  fre¬ 
quency  to  be  transmitted.  When 
this  frequency  is  30  cps  and  the 
permissable  variation  in  phase  delay 
for  ten  stages  is  0.01  microsecond 
per  stage  we  have 


TABLE  OF  TUBES  SUITABLE 
FOR  VIDEO  AMPLIFICATION 


Gain* 


Triodes 


The  same  reasoning  can  be  applied 
to  Eq.  (5)  in  the  case  where  no 
plate  filter  is  used;  thus 


When  equations  (9),  (10),  or  (11) 
are  fulfilled  the  gain  as  calculated 
by  Eq.  (6)  or  (4)  will  be  more  than 
satisfactory  as  to  uniformity.  It  is 
interesting  to  note  that  for  a  value 
of  the  isolating  resistor  approaching 
infinity,  the  gain  reduces  to  gmR  and 
is  independent  of  the  frequency. 
This,  of  course,  is  an  unattainable 
ideal  condition. 

Another  factor  affecting  the  fre¬ 
quency  characteristic  is  the  method 
of  obtaining  the  bias  for  the  ampli¬ 
fier  tubes.  The  ideal  way  to  obtain 
the  necessary  bias  voltage  would  be 


I  Ctotal  —  Cgt  -f  Cpt  -f-  (1  -f  Gain)C^  -f  l0/ipf(=‘  Cstray) 

*  Gain  =  G^Xe,  Xj  =  .SX*,  Ro  neglected  -  *■ 

*  Ctotal  =  C/np«t  -f  Coutpvt  +  lOpnF  (=  Cstray)  * 

Note:  Calculations  based  on  tube  working  into  a  stage  having  same  constants. 
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PART5  OF  FORMICA 


mi  MOLDED  INSULATING 


Formica  has  fat*ilities  for  pro- 
dueinn;  largo  moldod  insulat¬ 
ing  parts,  niado  to  meet  spec*ifie 
requirements.  Some  of  the  re¬ 
quirements  that  have  heen  satis- 
Hed  in  this  way  have  heen  very 
severe  and  €*ould  he  met  only  after 
eonsiderahle  research.  Formica 
has  a  competently  manned  and 


well  equipped  laboratory  for  such 
investigations.  All  the  resources 
4»f  the  company  have  been  concen¬ 
trated  for  25  years  on  the  produc¬ 
tion  of  just  one  material  —  and 
everything  necessary  to  make 
that  material  well  is  assembled 
here.  Send  us  your  blue  prints 
for  quotations. 


the  formica  insulation  CO.,  4638  SPRING  GROVE  AVE.,  CINCINNATI,  O. 
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THE  CLEVELAND  CONTAINER  CO 

10636  BEREA  ROAD  CLEVELA 


Pfont:  and  Salei  Offices:  New  York  •  Philadelphia 
Sales  Offices:  Rochester,  N. 


LEACH  (L^)  RELAYS 


tions  that  the  response  of  a  multi¬ 
stage  amplifier  to  the  unit  impressed 
voltage  is  of  an  oscillatory  nature. 
If  the  duration  of  the  first  positive 
swing  for  unit  impressed  voltage  is 
long  compared  to  the  duration  of  the 
actual  signal  impulse,  the  amplifier 
response  will  be  good.  This  require¬ 
ment  is  satisfied  by  making  b  small, 
i.e.,  by  making  the  time  constant 
RgiCe  large.  It  is  also  evident  that 
the  time  constant  must  be  increased 
as  the  number  of  stages  of  amplifi¬ 
cation  is  increased.  Although  the 
impulses  contained  in  a  television 
signal  do  not  have  perpendicular 
sides,  it  can  be  shown  that  the  con¬ 
ditions  given  here  are  valid.  The 
curves  of  Fig.  10  illustrate  the  na¬ 
ture  of  the  transient  response  to  a 
pulse  similar  to  a  low  frequency 
blanking  pulse  of  unit  amplitude  and 
duration  of  0.0015  seconds.  The 
value  6  =  4  corresponds  closely  to 
Eq.  (11)  where  RgiCc  =  0.28. 


AUTOMATIC 

ELECTRIC 


ELAYS 


A  WIDE  VARIETY  OF  TYPES 
FOR  EVERY  INDUSTRIAL  USE 


The  Automatic  Electric  line  of  relays  Includes  quick  and  delayed 
action  types,  sensitive  and  heavy  duty  types,  mechanical  locking 
types,  polarized  relays,  etc.,  etc.  Available  for  operation  on  D.C. 
or  A.C.  circuits,  any  voltage,  any  contact  combination. 

Also  stepping  switches,  electric  counters,  solenoids,  keys  and 
other  electric  control  accessories.  Write  for  complete  illustrated 
catalogs. 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1019  WEST  VAN  BUREN  STREET  CHICAGO 


Conclusions 


The  design  procedure  formulated 
in  the  foregoing  paragraphs  wa.>- 
used  to  calculate  the  constants  in 
the  circuit  of  Fig.  11  which  shows 
a  6C6  stage  working  into  a  similar 
stage.  The  response  of  this  stagt 
would  be  entirely  satisfactory  in  a 
television  system. 

Some  points  about  construction 
may  be  mentioned.  The  condenser 
Cc  should  be  non-inductive  up  to  2.5 
Me.  and  should  be  mounted  somt- 
distance  from  the  chassis  to  reduce 
stray  capacity.  All  leads  should  bt 
short  as  in  usual  r-f  amplifier  prac 
tice,  and  wire  of  the  minimum  size 
in  keeping  with  mechanical  consid¬ 
erations  should  be  usee  to  redu<e 
stray  capacity. 

The  resistance  R  should  be  non- 
inductive.  A  carbon  resistor  may 
be  used  here,  or  a  wire  wound  re¬ 
sistor  may  be  used  which  is  so  de¬ 
signed  that  its  inductance  equals  L 
thus  doing  away  with  the  extra  com¬ 
ponent  part. 


Umts  praiM  Cl«v*laa4  T«b*t  for 
froodOM  from  bom,  taolty  qluin9, 
•tc.,  commooly  tfcooqht  ioboroot  to 
popor  tobiaq.  Clovolood  Tobo* 
clotoly  opprooeb  porfoctioo  and  will 
moot  your  tpocificationt  occwrotoly. 


PAPER  TUBES 
KRAFT  COIL  FORMS 
ASBESTOS  TUBES  •  PRINTED  TUBES 


you  can  depend  upon  their 


Leach  small  size  circuit  control  relay, 
type  No.  1357  is  a  compact,  rugged  and 
reliable  control  relay  ideal  for  your  con- 
trol  circuit.  These  relays  have  solid 
cores,  positive  contact  and  low  current 
consumption — built  so  that  you  can  de- 
upon 

LEACH  RELAY  COMPANY 

5915  Av^^BMlmrt,  LOS  CALIF. 

LEACH  RELAY  COMPANY.  5915  Avalon  Boulevard,  Ua  Angeles,  Calif. 

Please  send  your  catalog.  I  am  interested  in . type  relay. 

Name  . 

Company  . 

Address  . . City  . 


*  “I.atest  Television  Stniidiirds  as  I’ropo-  <1 
by  H.M.A.’’,  K..M..\.  KngineiT,  p.  9,  Xovenil  •  r 
1936. 


*  Kell,  Bedford,  Trainer,  “An  Experimental 
Television  System'',  I.K.E.,  p.  1246,  Xovem' '  T 
1984. 


•  Slepian,  Patent  No.  1,450,265 ;  Earns 
worth.  Patent  Nos.  1,941,344;  1,969,39?*; 
2,071,515;  2,071,516;  2,071,517;  2,075,3TS. 
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MANUFACTURING  REVIEW 


News' 


Dr.  Geoi’Ke  H.  Brown,  formerly  of 
the  Research  Division,  RCA  Manufac¬ 
turing  Co.,  Camden,  N.  J.,  has  become 
associated  with  Paul  Godley  with  the 
formation  of  Godley  and  Brown,  con¬ 
sulting  radio  engineers.  Offices  of 
this  new  engineering  partnership  will 
be  at  Montclair,  N.  J. 

The  first  degree  of  doctor  of  engi¬ 
neering  ever  conferred  by  the  Lewis 
Institute,  at  Chicago,  was  bestowed 
upon  Dr.  Lee  DeForest,  on  June  23.  Dr. 
DeForest  was  honored  for  his  exten¬ 
sive  research  work  in  the  radio  field 
and  particularly  for  his  invention  of 
the  vacuum  tube,  without  which  radio 
could  not  exist  in  its  present  form 
today. 

C.  R.  Ogle,  recently  secretary  and 
sales  manager  of  the  B-L  Electric 
Manufacturing  Co.,  has  joined  the 
sales  organization  of  P.  R.  Mallory  & 
Co.,  Inc.,  manufacturers  of  rectifiers, 
battery  chargers,  radio  and  electrical 
and  metallurgy  products. 


New  Products* 


I 


United  States  Rubber  Products,  Inc., 
has  appointed  Dr.  Earl  E.  Sturdevant 
as  consulting  engineer  of  its  electrical 
wire  and  cable  department.  Since  1920 
when  he  took  his  doctorate  at  the  Uni¬ 
versity  of  Michigan,  Dr.  Sturdevant 
has  been  connected  with  many  scien¬ 
tific  developments  in  the  rubber  field. 
After  a  two-year  interval  of  teaching 
at  the  University  of  Western  Ontario, 
he  joined  the  technical  staff  of  West¬ 
ern  Electric  and  in  1929  joined  the 
staff  of  the  United  States  Rubber  Prod¬ 
ucts,  Inc.  In  his  capacity  as  consult¬ 
ing  engineer.  Dr.  Sturdevant  will  ap¬ 
ply  his  extensive  technical  knowledge 
to  the  perfection  of  United  States  Rub¬ 
ber’s  wire  and  cable  products,  and  to 
the  rubber  company’s  many  develop¬ 
ments  in  the  rubber  field  to  insulated 
wires  and  cables. 

Royal  D.  Mailey,  vice-president  in 
charge  of  engineering  and  manufactur¬ 
ing,  General  Electric  Vapor  Lamp  Co., 
Hoboken,  N.  J.,  was  awarded  an  hon¬ 
orary  degrree  of  doctor  of  science  on 
June  12  by  the  Stevens  Institute  of 
Technology. 


Sensitive  Meters 

The  Sensitive  Research  Instrument 
Corp.,  of  4545  Bronx  Blvd.,  New  York 
City  announces  the  introduction  of  a 
new  line  of  medium  size,  portable, 
measuring  instruments.  In  line  with 
most  of  their  other  instruments,  these 
new  meters  are  flexible  as  regards 
ranges,  all  are  switch  controlled  for  the 
various  ranges,  and  may  be  obtained  in 
sensitivities  down  to  5  microamperes, 
full  scale,  in  direct  current  meters. 
Dynamometer  instruments  are  also 
available  down  to  5  milliamperes  full 
scale  range  in  the  same  design  of  case 
voltage. 

Vibrator  Power  Pack 

To  provide  portable  power  for  radio 
transmitters,  public  address  systems, 
and  similar  apparatus,  P.  R.  Mallory 
&  Co.,  Indianapolis,  Ind.,  has  introduced 
a  line  of  6-volt  power  supplies  known 
as  Vibrapacks. 


At  a  meeting  of  the  directors  of  the 
Western  Electric  Co.  held  June  8,  a 
dividend  of  75  cents  per  share  on  its 
common  stock  was  declared.  The  divi¬ 
dend  was  payable  on  June  30  to  stock  of 
record  at  the  close  of  business  on  June 
25,  1937. 

•f  Mackay  Radio  operations  on  the  At¬ 
lantic  seaboard  have  been  placed  in 
charge  of  H.  L.  Rodman  as  general 
manager,  according  to  an  announce¬ 
ment  made  by  Luke  McNamee,  Presi¬ 
dent  of  the  Mackay  Radio  &  Telegraph 
Co.  Mr.  Rodman  was  formerly  gen¬ 
eral  superintendent  at  San  Francisco 
and  will  have  charge  of  domestic  radio 
telegraph  service  involving  eastern 
cities,  service  with  ships  in  the  At¬ 
lantic  region,  and  a  direct  radio  tele¬ 
graph  circuit  to  points  in  Europe  and 
Latin  America. 

A  statement  of  the  income  for  the 
three  months  ended  March  31,  1937, 
which  was  released  on  June  10  shows 
a  net  income  for  the  International 
Telephone  &  Telegraph  Corp.  and  sub¬ 
sidiaries  of  $1,658,437.82. 
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SHALLCROSS 
^  Tifpt  190  ^ 

WIRE  WOONff 
RESISTOR 


LBUR  B.  DRIVER  CO 

I  NEWARK,  NEW  JERSEY 


50- Watt  Amplifier 

A  COMPLETELY  NEW  AMPLIFIER  USing 
6L6  tubes  in  the  output,  has  been  an¬ 
nounced  by  the  Radolek  Co.,  601  West 
Randolph  St.,  Chicago.  The  unit  in¬ 
corporates  four  individual  high  gain 
input  channels  for  microphones  and  one 
input  channel  for  a  phonograph  head. 
Each  channel  is  controlled  separately, 
and  a  master  volume  control  is  em¬ 
ployed  to  vary  the  overall  volume.  A 
dual  type  control  of  tone  permits  the 
suppression  of  either  the  treble  or  bass 
notes.  A  voltmeter  type  volume  indi¬ 
cator,  mounted  on  attractive  chromium 
finished  control  panel,  permits  easy 
monitoring  of  the  equipment  connected 
to  four  or  less  loudspeakers  may  be 
made  by  means  of  polarized  plugs  and 
sockets,  impedances  for  line  matching 
transformers  of  200,  500  and  1,000 
ohms  being  available.  It  is  claimed 
that  the  response  characteristic  is  flat 
to  within  1  db.  from  40  cycles  to  9,000 
cycles  per  second. 


SHALLCROSS 

RESISTORS,  SWITCHES 
and  INSTRUMENTS 


Our  products  have  es¬ 
tablished  on  enviable 
reputation  in  many  of 
the  industrial  and  col¬ 
lege  laboratories  in  this 
coimtry  and  abroad. 

Write  tor  Bulletin  140  K 

SHALLCROSS  MFC.  CO 

COLLINGDALE.  PA. 


1000  Watts  Plate  Dissipation, 
5000  Volts  Plate  Potential, 
150  Megacycle  Frequency 

All  This  Made  Possible  with 

TANTALUM 


Shielded  Loop  Antemia 

Lear  Developments,  Inc.,  121  West  17th 
St.,  New  York  City  announce  the  de¬ 
velopment  of  a  shielded  loop  antenna 
for  radio  direction  finders.  The  com¬ 
plete  shielded  loop  weighs  73  lb.  and 
has  two  loop  antennas  inside  of  the 
shell,  placed  at  right  angles  to  each 
other.  One  is  used  for  “homing”  or 


The  new  EIMAC  Type  1000  UHF, 
product  of  Eitel-McCuUough,  Inc.,  is 
an  exceptionally  efficient  tnbe  for 
ultra  high  frequency  operation.  It 
has  a  plate  dissipation  of  1000  watts, 
maximum  plate  potential  of  5000  volts 
at  frequencies  up  to  150  megacycles — 
all  within  a  five  inch  bulb.  A  pair 
of  these  tubes  will  deliver  several 
kilowatts  of  output  at  100  megacycles. 

With  the  exception  of  the  glass,  seals 
and  filament,  all  parts  of  this  tnbe 
are  tantalum.  In  fact,  only  tantalum 
makes  a  tube  of  this  kind  practicable. 
With  any  other  anode  material,  the 
emission  life  of  the  thoriated  fila¬ 
ment  would  be  extremely  short  under 
such  severe  conditions}^  ^ 

Among  the  other  important  advantages 
of  tantalum  is  the  complete  elimina¬ 
tion  of  plate  temperature  limitations. 
Tantalum  anodes  xam  be  operated  at 
any  .temperature  safe  for  glass  bulbs. 

Technical  counsel  is  available  to 
interested  manufacturers. 

ELECTRICAL  CONTACTS  of  tungsten,  molyb¬ 
denum,  platinum,  silver  and  alloys,  designed  and 
made  by  Fansteel,  afford  extra  dependability  is 
relays  and  other  electronic  operate  devices. 


direction  finding;  the  other  for  recep¬ 
tion  from  stations  directly  ahead  or  be¬ 
hind.  The  loop  works  in  combination 
with  the  three-band  receiver  and  recep¬ 
tion  and  direction  finding  are  obtainable 
over  the  following  frequency  ranges: 
200  to  400  kc.;  550  to  1500  kc.;  and 
2400  to  6500  kc. 


TOPHET 


“TOPHET  C”  meets  most  meehani«al 
and  corrosion-resistant  requirements. 
High  specific  resistance  makes  for 
more  compact  rheostats  and  other  re¬ 
sistance  units.  Hard  or  soft  wire,  rib¬ 
bon,  straight  lengths  or  coiled,  bare  or 
insulated. 

One  of  the  many  alloy  products 
made  and  endorsed  by  Wilbur  B. 
Diiyer,  the  pioneer  of  the  Industry. 


Fansteel 


World  Clock 

An  a-C  operated  clock  having  an  aux¬ 
iliary  dial  in  addition  to  the  regular 
clock  face  which  may  be  used  to  deter¬ 
mine  the  time  in  all  parts  of  the  world 
has  recently  been  released  under  the 
name  “Globe  trotter.”  The  hand  of  this 
new  Telechron  model  tells  the  time  in 
the  zone  in  which  the  clock  is  installed, 
while  the  revolving  disk  indicates  the 
time  in  other  sections  of  the  world. 


METALLURGICAL  CORPORATION 
NORTH  CHICAGO^  ILLINOIS 


COLUMBIUM’ 

MOLYBDENUM 


‘TANTALUM 

'TUNGSTEN 
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broadcast  band.  The  unit  of  the  par¬ 
ticular  frequency  ranfie  in  which  the 
interfering  station  falls,  is  selected  for 
installation.  A  set.screw  adjustment 
then  permits  the  tuning  of  the  trap  to 
the  precise  frequency  to  eliminate  the 
undesired  si^al. 


Filter 

United  Transformer  Corp.,  72  Spring 
St.,  New  York,  N.  Y.  announces  the 
release  of  their  model  BA-189  filter  for 
commercial  aircraft  service.  It  consists 
of  a  combination  band  pass  and  band 
rejection  unit  which  permits  simul¬ 
taneous  voice  and  beam  reception  on 
aircraft  receivers. 


Portable  Sound  System 

The  12-'Watt  portable  sound  system 
model  PA-712  announced  by  the  Web¬ 
ster  Ck).,  3825  West  Lake  St.,  Chicago, 
contains  two  speakers,  microphone  and 
amplifier  packed  in  a  single  carrying 
case  having  a  total  weight  of  44  lb. 


Wave  Trap 

A  NEW  WAVE  TRAP  announced  by  the 
Technical  Appliance  Corp.,  17  East  j 
16th  St.,  New  York  City  is  available  I 
in  three  frequency  ranges  from  450  to 
750  kc.,  from  750  to  1150  kc.  and  from  : 
1150  to  1550  kc.,  covering  the  complete  | 


The  line  of  Stancor  Transformers  covers  the  whole 
scope  of  characteristics  in  common  use.  But  the 
standard  transformers  of  today  were  the  laboratory 
transformers  of  yesterday  ...  a  large  part  of 
which  were  developed  by  Stancor  engineers  in  co¬ 
operation  with  the  engineering  departments  of  manu¬ 
facturers- of  electronic  equipment  of  all  descriptions. 

YOUR  TRANSFORMER  PROBLEM  IS  OUR  PROB¬ 
LEM,  and  we  will  make  it  our  business  to  apply  our  high¬ 
ly  specialized  experience  and  our  carefully  controlled 
manufacturing  in  arriving  at  an  economical  solution. 

STANDARD 

TRANSFORMER 

CORPORATION 

850  BLACKHAWK  STREET,  CHICAGO 
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The  amplifier  is  a  4-stage  high  gain 
unit  using  beam  power  tubes.  The  two 
speakers  are  supplied  in  cases  adapt¬ 
able  to  either  floor  or  wall  mounting. 
A  multiple  outlet  arrangement  is  pro¬ 
vided  for  using  additional  speakers. 


Peri-Dyiiaiilic  Speakers 

A  new  line  of  dynamic  loud  speakers 
available  in  kit  form  is  announced  by 
the  Jenson  Radio  Manufacturing  Co,, 
6601  South  Laramie  Ave.,  Chicago,  Ill. 
The  kit  consists  of  speaker  and 
knocked-down  enclosure.  All  necessary 


SPECIAL  CORDS  AND  CABLES 


We  have  complete  facilities  for  supplying  special 
cords  and  cables  for  all  types  of  Electrical  Instru¬ 
ments  and  Radio  Hook-Up.  engineered  to  meet 
your  exact  needs.  Submit  your  blueprints  and 
requirements  for  quotation. 


Address  DeportmeRt  E 


screws,  bolts,  grilles,  brackets  and  other 
accessories  for  assembling  are  fur¬ 
nished.  Enclosures  in  all  cases  are  cut 
to  size,  drilled,  and  all  necessary  parts 
for  assembling  are  enclosed. 


TRENTON, 


'NEW  JERSEY 


Resistance  Welder 

An  electric  welder  capable  of  making 
up  to  100  spot  welds  per  minute  is  an¬ 
nounced  by  the  Eisler  Engineering  Co., 
740  South  13th  St.,  Newark,  N.  J.  An 
8-point  hand  wheel  regulates  the  heat 
regulation  and  the  duration  of  the  weld¬ 
ing  period  is  regulated  by  the  automatic 
timer  and  contactor,  assembled  on  the 


A  TRIAL  WILL  CONVINCE  YOU 

^1  35  years’  Experience 

I  Insures  Dependability  | 

We  Manufacture 

PERMANENT  MAGNETS  TCX)LS  and  DIES 

METAL  STAMPINGS  LAMINATIONS 

Supplier*  of 

ALNICO  MACNETS 


THOMAS  &  SKINNER 
STEEL  PRODUCTS  CO. 

fSd  SL  at  Alvord  lndi«fi«polis,  Ind. 


WAXES  •  COMPOUNDS  •  VARNISHES 
tor  ELECTRICAL  INSULATION 


side  of  the  fabricated  frame.  The  tinier 
is  adjustable  to  regrulate  current  from  2 
to  60  cycles.  An  air-pressure  valve  on 
the  machine  is  used  to  regrulate  the 
proper  air  pressure;  this  welder  op¬ 
erates  on  an  air  pressure  of  35  to  60  lb., 
depending  on  the  nature  of  the  work. 


Zophar  ofFors  prompt  sorvico  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  power 
pacb,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


Amateur  Microphones 

Velocity  microphones  for  amateur  radio 
use  is  a  recent  development  announced 
by  the  Amperite  Corp.,  561  Broadwayi 
New  York  City. 


Brooklyn,  N.  Y. 

FOUNDED  184* 
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INSULATED  RESISTOR 


Get  Your 
Copy  . . . 


i*u8h  Button  Control 

The  Monitor  Control  Co.,  Baltimore, 
Md.,  have  added  one  more  push  button 
control  station  to  their  long  list  of  mas¬ 
ter  control  devices.  This  push  button 
station  is  substantially  built  with  lib¬ 
eral  size  silver  contacts  mounted  on 


Copper  leads,  heavily  tinned, 
coiled  for  a  drive  fit  on  the 
coppered  ends  of  the  graphite 
resistance  element,  enclosed  in 
molded  Bakelite,  code  banded  for 
easy  identification — a  true  unit  of 
exceptional  strength,  fully  insu¬ 
lated,  sealed  against  the  atmo¬ 
sphere,  proof  against  jars,  vibra¬ 
tion  or  any  mechanical  strains 
likely  to  occur. 

In  use  by  best  known  manufac¬ 
turers  of  radio  equipment. 
Samples  on  request. 


a  molded  bakelite  base.  Parts  and 
cover  are  die  cast.  A  wide  number  of 
contact  arrangements  is  available  with 
button  markings  suitable  for  almost 
every  industrial  purpose. 


Signal  G«*m*ralor 

Clough-Brenole,  Chicago,  announces 
an  accurate  signal  generator  with  a 
frequency  range  from  100  kc.  to  31  me. 
in  five  bands,  with  direct  reading  dial. 
R.  f  output  is  continuously  variable 
up  to  0.1  volt.  Either  internal  or  ex¬ 
ternal  modulation  may  be  used  at  wilt. 
The  tube  complement  is  one  76  oscil¬ 
lator,  one  6X5  rectifier,  and  one  6N7 
modulator. 


SPEER  CARBON  CO 

ST.  MARYS.  PA. 


Get  the  Best 
at  Terminal! 


Here  w*  list  some  of  tho  manu- 
foctvrors  whoso  complete  lines  we 
carry.  Vlfe  extend  the  best  whole¬ 
sale  discounts,  give  prompt  atten¬ 
tion  to  your  orders,  and  are  pre¬ 
pared  at  all  times  to  give  immediate 
delivery. 


AEROVOX 

ASTATIC 

ALADDIN 

AUDAK 

BLILEY 

BRUSH 

CARDWELL 

CINAUDAGRAPH 

CORNELL-DUBILIER 

ALLEN  B.  DUMONT 

HAMMARLUND 

I.  R.  C. 

LEACH 

LIHELFUSE 


NATIONAL 

OHMITE 

PRESTO 

RECORDING 

RCA 

SIMPSON 

STRUTHERS-DUNN 

THORDARSON 

TRIPLEH 

UNITED 

TRANSFORMER 

WESTON 

WARD  LEONARD 
YAXLEY 


Terminal  Radio  carries  only  those 
products  which  have  proven  their 
superiority.  You  can't  buy  o  "dnd" 
at  Terminal! 


New,  biq,  32-poq«  book.  Larqost  listing 
oi  condonsors  and  ossontiol  rosistors, 
Indisponsoblo  among  your  rsioroncs 
works.  Writ*  ior  your  copy. 


ihere  aren’t  enough  50  kw.  radio¬ 
phone  stations  in  the  country  for  any 
manufacturer  to  carry  a  complete  line 
o/  high  power  equipment  on  stock, 
hut  Amertran,  makers  of  the  modu¬ 
lating  unit  shown  aboi'e,  will  manu¬ 
facture  to  order 


RADIO  CORPORATION 
80  Cortlandt  Street,  New  York,  N.  Y. 

BILL  FILLER  «  ADOLPH  GROSS 


CORPORATION 


electronics  —  August  1937 


67 


9-inch 

OSCILLOGRAPH 


^WlfTMOOiL 

fOR 

SOUND 


RCA  MFG.  CO.,  Inc 
CAMDEN,  N.  J. 


A  SERVICE  OF  THE  RADIO 
CORPORATION  OF  AMERICA 


Analyzer 

Simplification  of  radio  servicing  is 
the  aim  in  introducing  the  model  100 
analyzer  made  by  the  Simpson  Electric 
Co.,  5216  W.  Kinzie  St.,  Chicago.  It 
is  intended  to  be  used  with  set  tester, 
voltmeter  or  milliammeter.  Through 
the  use  of  machine  punched  cards 
placed  over  the  jack  switches,  the  con¬ 
nections  of  any  type  of  tube  are  im¬ 
mediately  evident  and  plainly  marked 
for  point  to  point  testing.  The  system 
is  flexible  and  may  be  expanded  as  fu¬ 
ture  requirements  dictate. 


BULLET”  MIKES 


New  1938  Models  Now 
Ready — Get  Details 


Crystal  Microphone 


When  our  engineers  created  the  new  1938  “Bullet" 
dynamic  microphones  they  built  a  line  unsurpassed  in 
quality  and  performance.  "Bullet'*  mikes  are  re¬ 
markably  sensitive,  rugged  and  dependable.  You  who 
appreciate  line  quality  in  sound  reproduction  will  do 
well  to  get  complete  data  on  the  new  “Bullet"  line. 
Models  TR-5,  6.  7,  8  and  9  range  in  list  price  from 
$27.50  to  $90.00.  There's  a  model  to  fill  your  need. 
Tor  complete  data  and  prices,  write  now  to  Dept.  IE. 


A  NEW  TYPE  of  crystal  which  appre¬ 
ciably  increases  the  output  level  is 
used  in  two  new  microphones  recently 
announced  by  Shure  Bros.,  225  West 
Huron  St.,  Chicago,  Ill.  The  micro¬ 
phones  are  especially  designed  for  com¬ 
munication  in  airway,  police  radio, 
commercial,  and  amateur  radio  tele¬ 
phone  systems.  These  microphones 
have  a  frequency  characteristic  which 
discriminates  against  the  lower  audio 


Again  RCA  has  sounded  a  new 
note,  a  new  9-inch  oscillograph 
having  the  finest  design  and  per¬ 
formance  possible  to  build  into 
such  an  instrument 

The  RCA  9*inch  Cathode  Ray 
Oscillograph  fulfils  the  re¬ 
quirements  of  the  research  en¬ 
gineer  for  a  high  quality,  low 
priced,  large  screen  instrument. 
It  uses  a  high  vacuum,  long-life 
9-inch  cathode  ray  tube  and  makes 
possible  extremely  fast  photo¬ 
graphic  recording  of  transients. 
It  has  a  small  spot  size  and  high 
brilliancy.  Provides  distortionless 
operation  at  lowest  possible  fre¬ 
quencies — actually  shows  a  10 
cycle  square  wave — clearly! 

SPECIFICATIONS: 

Deflection  frequency  range— 10-30,000 
cycles  a  second.  Deflection  sensitivity 
—maximum  .3  volt  per  inch;  mini¬ 
mum  100  volts  per  inch.  Timing  axis 
frequency  range  —  5  to  50,000  cycles. 
16  tubes.  Write  for  full  deuils. 


Made  only  by 


Aa  buaiaess  pa^wr  pub- 
lishera  for  over  fUty 

T*uv*.  McGrow -Hill  is  uniquely  equipped  to 
oiler  complete,  authorilative  direct  moil  cot- 
eroqe  of  Industry's  major  markets.  Extreme 
accuracy  is  maintained  (quaranteed  to  91%) 
and  thorough  careful  analysis  of  morketi. 
complete  clcmsilication  of  companies  and  per¬ 
sonnel,  etc.,  the  widest  possible  selectiont 
are  available.  Send  for  handy  reference 
folder  “Hundreds  of  Thousonds  of  Seasons 
Why"  which  describes  how  McGraw-Hill  Lists 
are  built  and  mointained. 


frequency  and  provides  maximum  out¬ 
put  in  the  frequencies  for  which  maxi¬ 
mum  intelligibility  occurs.  This  fre¬ 
quency  characteristic  is  especially  ad¬ 
vantageous  in  improving  the  output 
signal  quality  from  highly  selective  re¬ 
ceivers,  since  the  rising  characteristic 
of  the  microphone  tends  to  compensate 
for  receiver  side-band  cutting. 


What  Helds  Do  Yea  Wmt  to  Roach? 


Aviation 

Bus  &  Eloctric  Hallways 
Civil  Enqinoorinq  and  Construction 
Administrotivo  Exocutivos 
Eloctrical  Doalors  &  Wholosalors 
Mill  Supply  Housos 
Powor  Sorvicos 
Product  Enqinoorinq  &  Dosiqn 
Production  and  Maintononco 
Radio  Doalors  &  Wholosalors 
Radio  Enqinoorinq  A  Dosiqn 


Chassis  Cradle 


An  aid  to  servicemen  which  will  hold 
any  make  or  model  of  radio  chassis 
in  the  desired  position  for  testing, 
aligning,  or  repairing,  is  the  chassis 
cradle  recently  placed  on  the  market 
by  the  Aero  Tool  &  Die  Works,  1401 
Wilson  Ave.,  Chicago,  Ill.  Special  me¬ 
chanical  clamps  hold  the  chassis  with¬ 
out  danger  of  breakage  or  damage  and 
permit  the  serviceman  to  have  both 
hands  available  for  service  work. 


For  further  dstalls,  MisctloM  from 
sbovs  bstic  clanlficstiont,  ceaatt, 
pricat,  ate.,  or  atflmatat  on  tpacial  littt 
.  .  .  skk  any  rapraMntatlva  or  writa  to 


Camslcts  LMt  Cavaring  Indsatry**  Malar  Martdi 
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P.  A.  Amplifier 

Features  of  the  model  855  amplifier 
manufactured  by  the  Operadio  Manu¬ 
facturing  Co.,  St.  Charles,  Ill.,  include 
the  use  of  beam  power  tubes,  four- 
channel  input,  electronically  mixing  of 


three  microphone  channels  simultane- 
ou.sly  with  phonograph  or  auxiliary  in¬ 
put,  volume  expansion  and  compression, 
electronic  visual  overload  indicator, 
master  gain  control  and  six  stages  of 
amplification  using  twelve  tubes. 


Spark  Plu^  Alloy 

A  NEW  SILICON-MANGANESE-NICKEL  al¬ 
loy  called  Sparkaloy  has  been  developed 
by  the  Wilbur  B.  Driver  Co.,  of  New¬ 
ark,  N.  J.  for  the  rigorous  require¬ 
ments  of  spark  plug  u.se.  It  is  espe¬ 
cially  resistant  to  the  attacks  of  oxy¬ 
gen  and  sulphur  and  shows  high  re¬ 
sistance  to  mechanical  disintegration 
at  the  operating  temperatures  encoun¬ 
tered.  It  is  claimed  that  the  alloy  is 
uniform  in  surface,  thoroughly  an¬ 
nealed  and  pos.sessed  of  excellent  weld¬ 
ing  properties. 


Portable  P..\.  Unit 

X  PORTABLE  microphone-amplifier- 
speaker  system  rated  at  14-26  watts, 
and  using  beam  power  tubes  is  an- 


FOR  VIBRATORS 
RELAYS 
Electronics 
Devices 


TUNGSTEN 

and 

MOLYBDENUM 

and  Screws 

•  SILVER  &  l*I.ATIM  M 

•  SPECIAL  .ALLOYS 

•  PKEITOI'S  MET.AL 

L.AMIN.\TEI) 

Stiver  and  Platinum  on  Base 
Metals 


.  .  KcmI,  SheetM.  AATrr  &  Special  Shai>c» 
.  .  For  Hard  Ulaas  AVrldu 


MOLYBDENUM 


.  .  Ktal,  Sheet,  Wire  &  Special  Sha|*es 
.  .  For  GridH,  Round  or  Flat 
.  .  Fur  GrhU,  SupiiortH,  Heat  Ins  Elements 
.  .  For  HarrI  GIumh  AA'eldn 


R  U  L  G  R  1  D 

.  .  Kulirrid  KK — A  New  S|>erial  Alloy  Grid 
Wire 

— lIlKh  Tennile  Strength  — Reduces  Grlil 
A  Elongation  Emlwtion 

Write  for  Sampten 

.  .  Kiilsrld  “C”  Tungsten  AA'eldn — For  Hard 
GlaHS  Leada 


Fluorescent  Materials 


with 

Measured  Characteristics 
for  all  appllcationti 


CALLITE  PRODUCTS  DIVISION 


tlSLltt  tLH  IfflC  CORPOKAIIOS 


544-  39th  STREET 


UNION  CITY.  N.  J. 


Measuring  radiant  energy  accurately 


covered  in  this  study  of  fundamentals,  sources, 
instruments,  methods,  and  precautions 

.\  compilation  of  useful  inf«  rmation  pcrlaiiiiuK  to  HL 

radiant  energy  and  methods  of  nuasuriiiK  it.  Covers 
the  radiatii  n  laws,  the  radiation  constants,  the  care 
that  should  he  taken  with  the  source  in  radiation 
measurements,  and  the  methi  d  of  separatiiiK  the 
r.-nliation  into  waveleiiiith  intervals. 

Just  published  ■ 

MEASUREMENT  OF  | 

RADIANT  ENERGY 


Of 


452  pages,  illustrated 


nounced  by  the  Operadio  Manufactur¬ 
ing  Co.,  St.  Charles,  Ill.  Provision  is 
made  for  mixing  two  microphones  and 
one  phonograph  pick-up.  Two  10  inch 
electrodynamic  speakers  are  used, 

electronics  — /fugu5f  1937 


Edited  by  W\  K.  FoRSYTHE  $5.00 

Prepared  by  a  Committee  on  Methods  of  Measurement  of  Radiation 
of  the  Division  of  Physical  Sciences,  National  Research  Council 

The  material  prepared  naturally  divides  itself  into  five  parts;  fundamental  concepts 
and  the  laws  of  radiation,  sources  of  radiation,  the  analysis  of  the  radiation,  the 
different  methods  used  for  measuring  radiation,  and  a  consideration  of  some  special 
problems  in  radiant-energy  measurements. 

A  special  feature  of  the  book  is  the  attention  given  to  methods  of  avoiding  some 
of  the  pitfalls,  of  overcoming  some  of  the  difficulties,  and  of  increasing  the  accuracy 
of  radiation  measurements. 


10  DAYS’  EXAMINATION  ON  APPROVAL — SEND  THIS  COUPON 
Mr<iR.\AV-liil.I.  B<M>K  CO..  INC..  3S0  W.  42nd  St..  N.  Y.  C. 

S,'nd  me  Forsythe—  Measurement  of  Itadiant  Enerity.  for  ID  days'  examination  on  approval.  In  ID  days 
I  will  send  $15,110  plus  tew  cents  postage,  or  return  books  postpaid.  (We  pay  postage  on  onlers  ais'ompanietl 
by  remittance. ) 

Name  . 

Address  . City  and  State . 

Position  . Company  . L  S-37 

(Kooks  sent  on  approtal  in  U.  S.  and  Canada  only.) 
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'HICKOK' 


OUTPUT 


t«T.  B*TTtWY 


TEST  LtAOS 


Test  Instruiueiit 


A  TEST  INSTRUMENT  for  general  circuit 
testing  on  a.c.  or  d.c.  and  having  a 
wide  range  of  voltage,  current,  and 
resistance  scales  is  the  model  4955-S 
instrument  manufactured  by  the 
Hickok  Electrical  Instrument  Co.,  of 


12  years  specialization  in  this  field  enable  us  to  offer  complete 
service  in  special  applications.  Vitreous  enamel  resistors  —  fixed, 
tapped,  adjustable— with  various  accessories  for  any  conceivable 
requirement.  Porcelain-vitreous  enamel  rheostats  with  exclusive 
fully  inclosed  positive  contact  system  -  covered  by  patents. 

Let  us  send  literature  on  our  complete  line  of  control  devices  .  .  . 
and  remember  the  mark  means  reliable  rheostats  and  resistors. 

HARDWICK,  HINDLE  •  Inc. 

^—136  PENNINGTON  STREET— NEWARK,  N.  J.  hm 


Cleveland,  Ohio.  The  instrument  is 
guaranteed  accurate  to  within  2%  of 
full  scale  on  all  ranges.  A  square 
meter  with  4  inch  scale  is  the  founda¬ 
tion  unit  for  this  test  equipment. 


QUALITY  PRODUCTS 


Electro  dynamic  and  per¬ 
manent  magnet  apeakera 

5"  —  eV4"  —  8" 

Dry  and  wet  electrolytic 
condenaera,  by-paaa  con- 
denaera.  Any  aixe,  any 
combination,  cmy  ca¬ 
pacity. 

Write  us  YOUR  requirements 


liitereoniiiiuiiioating  System 

Two  NEW  SYSTEMS  have  been  added  to 
the  line  of  intercommunicating  systems 
available  from  the  Webster  Co.,  5622 
Bloomingdale  Ave.,  Chicago,  Ill.  for 
interoffice  communication.  The  illus¬ 
tration  shows  one  of  the  model  OCM 


ARISTON  MANUFACTURING  CORPORATION 

9-59  Diversey  Avenue  Chicago,  Illinois 


You  Can  Secure  Custom  Built  Transformers,  Auto-Transformers,  Chokes, 
Reactors,  Etc.  Built  Exactly  to  Your  Specifications  by  "Newark"  for 
Little  More  or  Possibly  Less  Than  "Stock"  EquipmentI 
A  List  of  the  Customers  of  "Newark"  Reads  Like  a  Directory  of  the 
Electronics,  Radio  and  Electrical  Field! 

That  "Newark"  Can  Give  You  Prompt  and  Dependable  Service. 

Send  Your  Specif! cations  and  Order  for  That  Transformer  to  "Newark." 

Specializing  in  custom  built  transformors  for  nearly  two  decades. 

NEWARK  TRANSFORMER  CO. 

15  FRELINGHUYSEN  AV.  NEWARK,  N.  J. 

Telephone:  Bigelow  3-3577-8 


units  featuring  a  selector  switch  which 
is  provided  to  contact  the  station  calls. 
Each  of  these  units  can  call  each  other 
unit  in  the  system  and  as  many  a.s  ten 
units  can  be  accommodated;  a  total  of 
five  separate  conversations  may  be  held 
over  the  system  from  different  points 
at  the  same  time. 


FXECTROMCS 


1 


ompressed  Gas 
^OMdeHser^^^\  174 


Electron  Frequency 
Modulator 

The  model  OA-5  universal  electronic 
frequency  modulator,  manufactured  by 
the  Hickok  Electrical  Instrument  Co., 
Cleveland,  Ohio  operates  with  any  oscil¬ 
lator  or  any  size  oscillograph  to  sim¬ 
plify  a.f.c.  alignment  and  to  provide 


WITH  TOP  PERFORMANCE 


NEW  V-1  VELOCITY  MICROPHONE 


•  The  Smallest  Ilifch- 
Fidelily  Veloeily 
.Microphone 

•  Zero  (Cavity 
Kesoiianee 

•  Intefcral  Shock 

I  Absorber 

•  ('.able  and  (lonneclor 

•  Dependable — Suit¬ 
able  for  Tropical 
Service 

•  Thoroughly  Iluni- 


SMALLEST 
SIZE  PER 
MMF.  VOLT 


•  R«*duees  Feeil-Kack 

•  The  new  V-l  has  all  the  features 
of  microphones  in  the  higher 
pririHl  brackets. 


INVESTIGATE  thes*  UNIQUE  compressed  gas 
condenser  ADVANTAGES 

FOUR  CAPACITIES;  250, 500, 1000  and  1500  mmf. 

TWO  RATINGS .  .  .  40,000  and  32,000  rms  work¬ 
ing  volts. 

CONTROL . External,  continuously  vari¬ 

able. 

LOSSES . Lower  than  equivalent  air 

condensers. 

ALSO . Lower  distributed  inductance, 

complete  shielding. 


SEE  YOUR  JOBBER 


LIST 

PRICE 


Write  for  Catalog 


a  method  of  locating  intermittent 
trouble.  It  supplies  synchronized  hori¬ 
zontal  sweep  voltage  for  oscillographs. 
It  has  a  calibrated  sweep,  continuously 
variable  from  5  to  40  kc.  and  cali¬ 
brated  phasing  control.  Output  is  con¬ 
tinuously  variable  from  1  microvolt  to 
more  than  1  volt.  The  instrument  has 
complete,  self-contained  power  supply. 


ELECTRO -VOICE 


MANUFACTURING  COMPANY 
334  E.  Colfax  Avenue,  South  Bend,  Ind. 

Export  Office;  lOOVariclSt.,  New  York,  N.Y. 


HEINT2 


InK^jKAUFMANi 


SOUTH 

SAN  FXANCISCO 


LEPEL 

SPARK-GAP  CONVERTERS 


LEPEL 


Two-Inch  Catlio<lc  Rav  Tube 


In  line  with  the  recent  trend  of 
making  available  cathode  ray  tubes 
of  small  size  and  moderate  price,  the 
National  Radio  Union  Radio  Corp, 
announces  the  Type  2002  cathode  ray 
tube  with  two-inch  screen.  It  oper¬ 
ates  with  a  maximum  plate  voltage 
of  600  volts,  has  four  deflecting 
plates,  and  a  green  screen  of  short 
persistence  of  image.  The  indirect 
heater  operates  at  0.6  ampere  at  6.3 
volts.  Deflection  sensitivity  is  ap¬ 
proximately  0.15  mm/volt  at  the 
highest  second  anode  voltage.  At 
a  second  anode  voltage  of  400  volts, 
deflection  sensitivity  is  about  0.22 
mm/ volt.  Tube  fits  the  standard  octal 
.sockets. 


Vacuum  Testers 


V  Will  ionize  gas  as  low  as  one 
micron  of  pressure. 

#  Cannot  puncture  the  glass 
container. 

#  Will  operate  continuously. 

#  Ground  free  and  shock-proof. 

#  Facilitates  production  testing 
of  electronic  tubes  and  in¬ 
candescent  lamps.  Weighs  8 
ounces. 

Write  for  Bulletin  403 


Station  License  Mounting 

A  MOUNTING  which  will  permanently 
display  as  well  as  preserve  the  amateur 
operator  and  station  licenses  is  avail¬ 
able  from  the  Gordon  Specialty  Co., 
440  South  Dearborn  St.,  Chicago,  Ill. 
A  swivel  type  of  mounting  allows  in¬ 
spection  of  either  operators’  or  sta¬ 
tions’  license.  Made  of  steel  and  fin¬ 
ished  in  black  baked  crackled  finish  to 
match  other  station  equipment  this 
unit  is  available  in  either  panel  mount¬ 
ing  bracket  or  with  heavy  cast  base 
for  table  mounting. 


FOR  BOMBARDING 

PHOTO-ELECTRIC  CELLS 
COATED  ELECTRODES 
RADIO  TUBES 

CATHODE  RAY  TUBES.  ETC. 

WRITE  FOR  BVLLETItt  401 

LEPEL 

high  frequency  LABORATORIES 

39  W.  60th  St..  New  York.  N.  Y. 

CobU  oddroM  LEPELSPARK 


LEPEL 


HIGH  FREQUENCY  LABS.,  Inc. 
39  Wesf  60th  St.,  New  York  City 

Cob/o  Addrtst;  LEPELSPARK 
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Film  Recording  System 

A  MODERN  sound-on-film  recording 
and  reproducing  machine,  operating  on 
an  endless  loop  of  16  millimeter  film 
varying  in  length  to  fit  the  recording 
time  has  been  developed  by  the  Fonda 
Sound  Corporation,  117  West  63rd  St., 
New  York,  N.  Y.  The  recording  head 
engraves  a  continuous  spiral  track  on 
the  film,  using  a  special  stylus.  Im¬ 
mediate  play-back  is  accomplished  by 
simply  placing  the  pick-up  on  the  film. 
Elimination  of  changing  of  needles,  low 
background  and  low  recording  costs  are 
some  of  the  advantages  claimed  for  this 
new  device. 


For  faithful  reproduction  and  loniter  record  serv¬ 
ice.  the  Astatic  Tru-'nin  Model  B-10  Pickup  has 
achieved  the  hiahest  praise.  Standard  for  record¬ 
ings  to  12  inches.  Exclusive  Astatic  Offset  Head 
holds  needle  practicall>'  true  to  tangent  for  tiner 
reproduction.  Tracking  error  reduced  to  a  mini¬ 
mum.  Reversible  action  of  Offset  Head  facilitates 
needle  loading.  Freedom  from  resonance  assures 
strong,  smooth.  fuU  tone  bass.  Ball  bearing  swivel 
base.  Black  and  chromium  Anish.  Fully  guar¬ 
anteed. 


2*iiieh  Cathode  Ray  Tube 

A  new  2-inch  high  vacuum  cathode  ray 
tube  with  four  electrostatic  reflection 
plates  is  announced  by  the  Allen  B. 
DuMont  Laboratories,  Inc.,  Upper 
Montclair,  N.  J.  A  large  octal  base  is 
used  and  heater  voltage  of  6.3  volts,  a.c. 
or  d.c.,  is  used  making  this  tube  inter¬ 
changeable  with  the  913.  Second  anode 
voltage  is  from  300  to  600  volts.  List 
price  $7.50. 

Replacement  Condensers 

A  RECENT  announcement  by  the  P.  R. 
Mallory  Co.,  Indianapolis,  states  that 
twenty-one  new  replacement  condens¬ 
ers  have  been  made  available  for  radio 
receivers. 


Professional  Model  B-16,  with  Astatic  exclusive 
Offset  Head  for  lateral  transcriptions  of  all  sizes. 
Fool-proof  cueing-in.  Free  from  resonance.  Plug¬ 
in  type  cartridge.  Finished  in  modernistic  Idack 
and  chrome,  laboratory  tested,  fully  guaranteed 


CRYSTAL  MICROPHONES 

STUDIO  TYPE 


MODEL.  K-2 

A  dual  unit,  dual  diaphragm, 
non-direetinnal  type  microplinne 
of  outstanding  performance.  Crys¬ 
tal  cartridge  units  in  shock-proof 
mounting.  Frequency  response 
.substantially  flat  from  30  c.p.s. 
to  6.000  c.p.s.  with  slightly  rising 
characteristics  to  10.000  c.p.s. 
output  level  — 64  D.B.  Inter¬ 
changeable  connector.  Complete 
with  8  feet  of  shielded  single 
wire  rubber  covered  cable. 


Patent  Suits 

1,403,475  (a),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  de 
Forest;  1,507,017,  same;  1,618,017,  F. 
Lowenstein;  1,702,833,  W.  S.  Lemmon; 

I, 811,095,  H.  J.  Round;  Re.  18,579,  Bal- 
lantine  &  Hull,  D.  C.,  S.  D.  Calif.,  C. 
Div.,  Doc.  E  894-S,  R.  C.  A.  et  al,  v. 
E.  Spigel  et  at.  Decree  pro  confesso 
Feb.  25,  1937.  Doc.  E  1082-J,  R.  C.  A. 
et  al.  V.  F.  Sage.  Decree  pro  confesso 
holding  patents  valid  and  infringed, 
injunction  Feb.  25,  1937.  Same,  D.  C., 
N.  D.  Calif.  (San  Francisco),  Doc. 
E  4105-S,  R.  C.  A.  et  al.  v.  O.  S.  Grove. 
Decree  pro  confesso  holding  patents 
valid  and  infringed  as  to  certain 
claims,  injunction  Mar.  4,  1937. 

1,403,475  (6),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,017,  L.  de 
Forest;  1,507,016,  same;  1,811,095,  H. 

J.  Round,  D.  C.,  S.  D.  Calif.,  C.  Div., 


List  Price 


MODEL  D-104  J| 

A  Favorite 
with  the  Hams  ■ 

Famous  for  low  price,  rug-  3 
ged  ooostruction  aua  (luality 
performance  in  the  “speech 
range."  Frequency  response 
especially  appropriate.  No 
background  noise.  Perform¬ 
ance  not  affected  by  handling. 
Fitted  with  high  grade  plug 
and  socket  with  Astatic  spring 
cable  protector  and  8  feet  of 
single  wire  shielded  cable. 

"p?,*.  $22.50 

See  Your  Astatic  Jobber 


ASTATIC 

MICROPHONE  LABORATORY.  Inc 

Dept.  A-2,  Yoeagstown,  Ohio 


Lieansed  under  Brush  Devslopment  Co.  Patents 


Directional  Arrays 

((’ontiniiril  from  iiai/r  17) 

no  real  component  of  induced  cur¬ 
rent,-  and  as  far  a.s  pow’er  radiation 
is  concerned  each  element  acts  as 
tho  the  other  were  not  present. 
Therefore  for  c^)  =  90  degrees  the 
correction  factor  depends  only  on  k 
and  is  independent  of  the  height  and 
spacing.  The  correction  factor  gives 
direct  comparisons  between  arrays 
of  the  same  height.  To  compare  sys¬ 
tems  of  different  heights  it  will  be 
necessary  to  determine  the  actual 
theoretical  field  strength  as  ex¬ 
plained  previously.  The  principles 
here  applied  could  be  extended  to  ar¬ 
rays  of  more  than  two  elements  but 
the  calculations  would  probably  be 
rather  laborious. 

h'KhPUKM'KS 

1.  .Vpril  I'.t.TB  I’air** 

•J  <J.  II.  Hrowii  I.H.K.  l‘roc.  Jun.  IH.'lfi  raffi' 
•-.a  KIk. 

.'I.  (i.  H.  Itrown  anil  Konoltl  Kill);.  l.If.H 
I'ror.  .Vpr.  lil.'IT  Ei|.  7  ami  ‘J  atiovf 

I  1m|.  7  I. 

4.  .laiikp  ami  Kimlt>,  ‘'Funktiunpntaf«‘ln  mit 
Koniiplii  unTl  Kurvpii." 

I.K.K.  1‘ror.  .lum*  I'.l.'VJ  I’acp  loi'.i 
Kiir.  14. 


Permanent  Mafjnel  Speaker 

A  COMPLETE  NEW'  LINE  of  permanent 
magnet  speakers  from  3  in.  to  14  in. 
in  diameter,  under  the  trade  name 
“Permag”  is  announced  by  the  Oxford- 
Tartak  Radio  Corp.,  915  West  Van 
Buren  St.,  Chicago.  The  3-in.  unit  is 
claimed  to  be  the  world’s  smallest  per¬ 
manent  magnet  dynamic  speaker  and 
because  of  its  desirable  electric  and 
acoustic  characteristics,  coupled  with 
its  small  size,  is  being  offered  espe¬ 
cially  for  interoffice  communication 
systems. 


Doc.  E  1080-S,  R.  C.  A.  et  al.  v.  O.  -/. 
Bates.  Decree  pro  confesso  Feb.  2.'>, 
1937.  Same,  filed  Feb.  26,  1937,  D.  D., 
S.  D.  Calif.  (Los  Angeles),  Doc.  E 
1126-C,  R.  C.  A.  et  al.  v.  G.  Deutch  et 
al.  (Radio  Accessories  Co.). 

1,403,475  (c),  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,507,016,  L.  de 
Forest;  1,507,017,  same;  1,618,017,  F. 
Lowenstein;  1,702,833,  W.  S.  Lemmon; 
1,811,095,  H.  J.  Round,  D.  C.,  S.  D. 
Calif.,  C.  Div.  Doc.  E  1078-M,  R.  C.  A. 
et  al.  V.  J.  Forbes.  Decree  pro  con¬ 
fesso  for  plaintiff  for  injunction  Feb. 
26,  1937. 

1,403,475,  (d)  H.  D.  Arnold;  1,403,- 
932,  R.  H.  Wilson;  1,518,017,  F.  Lowen¬ 
stein;  1,936,162,  R.  A.  Heising;  Re. 
18,579,  Ballantine  &  Hull,  D.  C.,  S.  D. 
N.  Y.,  Doc.  E  84/303,  R.  C.  A.  et  al.  v. 
Amplex  Radio  Corp.  et  al.  Consent 
decree  for  plaintiff  (notice  Mar.  17, 
1937). 
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U.  S.  PATENTS 


Timing  Circuits,  Etc. 

Time  recorder.  No.  2,044,471,  L.  E. 
Dodd  and  W.  W.  Harper,  Los  Angeles, 
Cal.  Timing  syHtem.  No.  2,047,912, 
L.  Theremin,  New  York.  Cycle  timer. 
No.  2,047,127,  FL  W.  Huber,  Crouse- 
Hinds  Co.  Counting  opparntuH.  No. 
2,047,665,  J.  E.  Beptrs,  G.E.  Co. 

Watch  timing.  No.  2,055,2:11,  Al¬ 
fred  Disteli,  Ernst  Leitz,  Wetzlar,  Ger¬ 
many.  No.  2,064,559,  2,0.58,616,  Ernst 
Norrman,  Chicago,  Ill.  No.  2,063,184, 
time  service  system,  I).  H.  Myers.  Cin¬ 
cinnati.  No.  2,0.50,866,  Rudolf  Tamm. 
Siemens  &  Halske,  Germany. 


Light  Sensitive  A|>|>licati<uis 

Relay.  Circuit  making:  use  of  polar¬ 
ized  li^ht,  the  tubes  beinjj  in  containers 
with  lipht-polarizinjr  windows  with  their 


1:^7,  ••..-Lr  . 

j-— ^ 


I  '.rfi,’. 


planes  of  polarization  at  anpfle  to  each 
other.  F.  W.  Lyle,  WE&M  Co.  No. 
2.041,079. 


Control  circuit.  A  control  system 
operated  by  moving  objects,  compris¬ 
ing  a  pair  of  photo  tubes,  directional 
relays,  etc.  H.  H.  Geffcken  and  H.  R. 
Richter,  RCA.  No.  2,048,740.  See  also 
No.  2,058,011. 


Light  responsive  device.  A  two  tube 
photometer  in  which  the  photo  tubes 
are  supplied  with  a-c  through  a  con- 


I 


denser.  Patent  No.  2,054,8.36  and  No. 
2,06.5,758,  to  F.  H.  Shepard,  Jr.,  RCA. 


tingraving.  Method  of  and  means 
for  producing  printing  plates  by  photo¬ 
tube  apparatus.  J.  A.  Bennett,  Bloom¬ 
ington,  Ind.  No.  2,076,220. 


Professional  | 

i 

Services  i 


Potentiometer.  Photoelectric  device 
responsive  to  a  small  voltage  source. 


R.  W.  Gilbert,  Gilbert  Corp.,  East 
Orange,  N.  J.  No.  2,059,786. 

Light  relay.  Combination  of  photo¬ 
tube  amplifier  and  voltage  doubler  rec¬ 
tifier.  R.  C.  Hitchcock,  WE&M  Co.  No. 
2.060.500. 


Safety  device.  Phototube  safety  con¬ 
trol  for  punch  press,  etc.  A.  J.  Mc- 
.Master,  G-M  Lab.,  Inc.  No.  2,082,210. 

Photometer.  No.  2,080,613  to  Bruno 
Lange,  Berlin,  Germany,  comprising  a 
source  of  light,  two  blocking  layer  cells 
connected  in  series,  both  illuminated  by 
a  single  source  of  light,  a  light  filter 
between  the  source  of  light  and  one  cell 
and  a  variable  resistance  in  shunt  with 
the  galvanometer  to  regulate  the  sensi¬ 
tivity  of  the  galvanometer  and  adjust 
the  deflection  of  it  to  a  scale  of  abso¬ 
lute  values  corresponding  to  the  light 
absorption  of  the  filter. 

Insulation  Testing.  F".  B.  Doolittle, 
Glendale,  Calif.  No.  2,077,357.  Appa¬ 
ratus  for  measuring  the  power  factor 


Rates  on  A pplication 


J 


BLILEY  ELECTRIC  CO. 

Designers — Manufacturers 

Quartz  Crystals  for  standard  or  special 
radio  frequency  applications. 

Inquiries  Invited. 

200  I’nion  Station  BIdK. 

Erie.  Penna. 


CHARLES  EISLER 

EISI.EK  ENGINEERING  CO.  ! 

Consulting  and  Designing  Bngineer  | 

Electric  Weldin*  Machines  for  Metal  Tubes 
Electric  Weldinz  PTOblem.s.  High  Vacuum 

Compound  Ihiraps.  Soft  and  Hard  i 

Glass  Working  Etiuipment.  Radio  and  I 

Electronic  ^b«  Machinery  j 

753  So.  13th  St.  Newark.  N.  J. 


ELECTRICAL  TESTING 
LABORATORIES 

Characteristics  and 
Life  Tests  of  Vacuum  Tubes 
Tests  of  photo  ceils,  glow  lamps,  crater  lamps. 
Tests  of  electronic  and  optical  dericea. 

30th  Street  and  East  End  Avenue 
New  York,  N.  T. 

Phone:  Butterfield  8-2600 


THAD.  R.  SOLDSBOROUGH 

BEGI8TEKED  PATENT  ATTOBNET 
Patent  ond  Trademark  SaUciting 
Consultins  Service 

Patent  Sale  and  LUcense  Negotiations 
201-205  McLachlen  Building 
Washington.  D.  C. 


INTERNATIONAL  ELECTRONICS.  INC. 

AMERICAN  CONSULTING  ENGINEERS  TO 
FOREIGN  MANUFACTURERS 

offer  designs.  specllk-atl(«i.s  and  manufacturing  in- 
stnictliuts  concerning  all  the  new  American  devel- 
oimients  in  elw-trol.vtlc  condensers,  tultes,  resi.stors, 
and  other  radio  prtMiwts.  Clients  all  countries. 
No  ro>alties.  l*rofltable  results  guaranteerl.  Write 
for  further  information  without  obligation. 

145  W.  45tb  Street _ New  York.  N.  Y. 


The  Solution  of 
Your  Problem 

in  the  field  of  Electronic  devices 
may  be  found  through  enlisting 
the  services  of  the  Consultants 
whose  cards  appear  on  this  page. 


Lighting  control.  No.  2,078,677  to 
T.  H.  Long,  WE&M  Co.  A  system  for 
display  devices. 


Relay.  Combination  of  a  source  of 
*-c,  a  rectifier,  a  solenoid  and  light 
sensitive  tube,  differential  relay,  etc. 
A.  H.  Lamb,  Weston.  No.  2,057,384. 


of  the  charging  current  of  and  watts  [ 
loss  in  insulating  materials. 

Du.st  Measurement.  Nos.  2,076,553  ' 
and  2,076,554.  Philip  Drinker  and  W.  ; 
G.  Hazard,  Jamaica  Plain,  Mass,  on  j 
apparatus  for  measuring,  recording  and  ; 
controlling  dilute  dust  concentrations.  | 


'This  is  a  highly  specialized  field 
and  specialists  are  therefore  bet¬ 
ter  .able  to  undertake  the  rapid 
developments  necessary  to  keep 
in  step  with  modern  manufac¬ 
turing  progress. 
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Feedback  circuit.  Phototube  feeds 
an  amplifier  with  arrangements  such 
a  portion  of  the  amplifier  output  feeds 
energy  back  to  the  input  device.  R.  R. 
Haugh,  G.  E.  Co.  No.  2,082,627. 

Alarm.  A  device  for  indicating  illu¬ 
mination  values.  A.  H.  Lamb,  Weston. 
No.  2,054,380. 

Tabulating  machine.  J.  W.  Bryce, 
International  Business  Machines  Corp. 
No.  2,063,482. 

Exposure  meter.  Adjusting  the  dia¬ 
phragm  of  a  camera  until  the  light  per¬ 
mitted  to  go  through  it  reaches  some 
predetermined  value  indicated  by  a 
phototube.  Odon  Riszdorfer,  Buda¬ 
pest.  No.  2,059,032. 

Photometer.  Combination  of  a  light 
meter  comprising  a  photoelectric  ele¬ 
ment,  electric  measuring  instrument, 
etc.  E.  Reinhold,  Photo  Marketing 
Corp.,  New  York.  No.  2,064,987. 

Elevator  leveler.  Means  including 
photo-electric  devices  for  furnishing 
several  electric  currents  having  rela¬ 
tive  magpiitudes  which  vary  in  accord¬ 
ance  with  position  of  the  elevator  car. 
A.  S.  FitzGerald,  Wynnewood,  Pa.  No. 
2,074,835. 

Register  apparatus.  Patents  relating 
to  machine  operating  on  webs  of  mate¬ 
rial,  etc.  No.  2,075,111  to  F.  H.  Gul- 
liksen  and  S.  A.  Staege,  Westinghouse. 
Localizer  for  web  cutting  machines. 
No.  2,082,705.  J.  J.  Logan,  Benjamin 
C.  Betner  Co.,  Devon,  Pa.  No.  2,075,- 
095,  cutter  register  control,  to  O.  C. 
Cordes,  WE&M  Co.  No.  2,050,315,  pa¬ 
per  cutting  control,  F.  H.  Gulliksen, 
Westinghouse  E&M  Co.  Also  No.  2,- 
050,316.  No.  2,052,256  to  D.  R.  Shoults, 
G.  E.  Co.  Also  No.  2,052,263,  A.  L. 
Whiteley,  G.  E.  Co.  No.  2,078,661  to 
F.  H.  Gulliksen.  No.  2,078,669,  A. 
King,  Narberth,  Pa.  No.  2,080,575,  W. 


PLUGS— SOCKETS 


1.  Uni-Directional 

2.  Bi-Directional 

3.  Non-Directional 

SHURE  TRI-POLAR" 
Crystal  Microphone 

Here,  for  the  first  time,  is  one 
microphone  that  does  everything! 
Solves  almost  every  conceivable 
pickup  problem  encountered  in  the 
field— offsets  adverse  acoustic  con¬ 
ditions.  Truly  a  real  all-purpose 
microphone — gives  you  all  three 
basically-different  directional  char¬ 
acteristics —  (1)  Uni-Directional. 
(2)  Bi-Directional.  (3)  Non- 
Directional-— in  one  unit,  each  in¬ 
stantly  available  by  means  of  a 
3-point  selector  switch. 

The  new  SHURE  “TRI-POLAR”  has 
smooth  wide-range  frequency  response 
from_  40  to  10,000  cycles.  Gives  high 


Type  So.  lot  shieltled  tingle  eonlaet  plug 
anti  tncket. 

One  type  from  our  line  of  several 
hundr^  electrical  plugs  and 
sockets.  We  also  supply  manu¬ 
facturers  witft  terminal  panels, 
standard  or  to  blue  print. 

Wrif^  for  bulletins  on  complete  line 

HOWARD  B.  JONES 

2300  Wabantia  Ave., 
Chicago,  III. 


Television 


VISASIG 


Television  system.  Means  for  devel¬ 
oping  a  voltage  wave  comprising  a 


Full  Automatic  Siphon 
Tap*  Rocordor 

For  Commercial  and  Amateur  Use 

Let  Visasig  solve  your  code  recep¬ 
tion  problems 

Model  Vl-B — records  code  signals 
from  a  radio  receiver  up  to  and  In 
excess  of  100  WPM.  Complete  as 
pictured  above 

$69.00 

Model  V-4 — records  up  to  and  In 
excess  of  200  WPM.  Complete 

$150.00 

-Write  for  full  particulars — 

Pricu  FOB  N«w  York  City 

Universal  Signal  Appliances 

64  West  22nd  St..  New  York  City 

Dopartmont  E 


ZEPHYR  CRYSTAL  PICKUP 


The  Shure  ZEPHYR  “Balanced-Tracking” 
Crystal  Pickup  reduces  record  wear — 
increases  record  life.  Improved  wide- 
range  response  gives  finer  reproduction. 
“Aero-stream”  design  provides  new  beauty. 
For  10  and  12  inch  records.  Write  for 
Bulletin  143MB  for  full  details. 

Shurt  patents  pending.  Shure  Crystal 
Devices  are  licensed  under  patents  of  the 
Brush  Development  Company. 


saw-tooth  component  and  an  impulse 
component  and  means  for  using  them. 
W.  A.  Tolson,  RCA,  reissue  No.  20,338. 


ELECTRONICS 


Tilting  oscillator.  A  device  for  pro¬ 
ducing  relaxation  oscillations  of 
straight  line  wave  form  comprising  a 
gas  tube,  an  amplifier,  etc.  Kurt  Schles- 
inger,  Berlin,  Germany.  No.  2,075,140 
to  2,075,142. 

Charting  system.  Method  and  appa¬ 
ratus  for  observing  bodies  through 
opaque  substances  by  means  of  cathode- 
ray  tubes.  R.  A.  Fliess,  New  York, 
N.‘  Y.  No.  2,075,808. 

Saturating  amplifier.  H.  R.  Lubcke, 


Los  Angeles,  Calif.  No.  2,075,818.  See 
also  No.  2,055,748. 

Transmission  system.  System  for 
motion  picture  film  providing  that  cer¬ 
tain  individual  frames  remain  in  posi¬ 
tion  for  scanning  longer  than  other  in- 


/ 


The  FIRST  compact  " 

30-Step  “Tee”  Network  Attenuator 
ever  offered  at  a  LOW  COST  .  .  . 


It  is  perfect  as  a  mixer  and  a  master  gain  control  for  low-level 
mixing.  The  new  Attenuator  has  zero  insertion  loss,  constant 
impedance  both  in  and  out  of  all  settings  and  at  all  frequencies 
within  the  desired  range,  and  the  lowest  attainable  noise  level. 


30  Strp«  of  Attenuation 
Laminated  ootitivo  wioino  tyoo  twitch 
Low  noite  lovol.  Below — 130  Db. 
Shioldod  from  electrical  dnturbancet 
Rooted — lifht  weight 


Silo  only  2^4'  diameter  by  2  1/16*  in  depth 
Zero  intertion  lost 

Frequency  error:  Nona  over  the  range  of  30 
to  17.000  Cpt. 

Retiitors.  unifllar  wound.  Price  SI7.S0 


Write  for  Bulletin  S34 


The  following  impedances  stocked  for  immediate  shipment: 

3030  I2S/I25  2S0  2S0  500/200  3050 

50 '50  200  200  500/500  600/600  50  200 

Special  Impedancei  and  Attenuatian  Upon  Request. 

THE  DAVEN  CO.^  158  Summit  St.,  Newark,  N.  J. 


Single  A  Dual 
Potentlometeri 
Spatial  Rotary  Switchoa 
Filament  Rheoetatt 
Mixer  Paneli 


Martufaeturers  of: 

Variable  A  Fixed  Lino  Equalixen  Speech  Input  Control 

Attenuatore  Attenuation  Boxei  Apparatus 

Fadort  Multipliers  Decade  Reoistancos 

Volume  Indicators  Super  Davohmt  Resistanceo 

Output  Meters  Laboratory  Equipment  Davohmt 


dividual  frames  and  means  for  scan-  ; 
ning  these  two  sets  of  frames  different  i 
numbers  of  times.  A.  V.  Bedford,  RC.\.  i 
No.  2,082,093.  I 

Rotating  mirror.  Means  for  mechan-  ' 
ically  printing  characters  on  a  tape  [ 
member,  means  for  feeding  the  tape  i 
from  said  device  to  a  scanning  mem¬ 
ber,  means  for  scanning  the  tape  and 
for  converting  the  scanning  results  into 
electric  current  for  reproducing  record. 
R.  .'V.  Fessenden,  Jan.  14,  1927.  No. 
2,059.222. 

Oscillators,  generators,  etc.  Patents 
to  P.  T.  Farnsworth,  of '  Farnsworth 
Television  Incorporated,  as  follows: 
No.  2,059,683,  scanning  oscillator;  No. 
2,071,516,  oscillation  generator;  No.  2,- 
071,517,  multipactor  phase  control;  No. 
2,071,515,  electron  multiplying  device; 
No.  2,059,219,  slope  wave  generator. 
Also  to  R.  H.  Varian,  No.  2,075,377, 
means  and  method  for  forming  discrete 
areas;  No.  2,075,380,  means  for  modu¬ 
lating  high  frequency  currents;  No. 
2,075,379,  time  delay  oscillator;  No. 
2,075,378,  means  and  method  for  col¬ 
lecting  secondary  electrons. 


HOOK-UP 

wi  RES 

Miulv  hy  hnfjiinrrrs . ,  .Jor  t.nfi^ineers 

h*  Rjdio  industry  demands  specUliMtion. 

We  specielise  m  desi9nin9  end  producin9  wire 
products.  For  many  years  we  Have  supplied  to  your 
industry  a  Ur9e  percentage  of  ttie  wire  required. 

Our  intimate  knowledge  of  your  problems  make  us 
an  ideal  source.  Let  us  work  together . 

"COR-LAC"  "NU-COR" 

'^SUPER-COR"  "BRAIDITE^ 

H  tixctl .  I  di  tjutred  .  .  .  Shielded 
Mr.  Engineer  — Our  wires  are  scientifically 

made,  with  due  regard  to  insulation  resistance  and  voH- 
aqe  breakdown. 

Mr.  Production  Manager  _Ti,»e.;r« 

have  the  essential  qualities  which  permit  easy  pushback 
or  mechanical  stripping. 

Mr.  Purchasing  Agent  — Wires  bearing 

our  trade  mark  wiH  give  you  the  ali-important  service  that 
spells  true  economy. 

Send  for  Injormdiion  dnd  Sumples 

CORNISH  WIRE  CO.,  Inc. 

30  Church  Street  New  York,  N.  Y. 


electronics  — 1937 


Announcing 

the 

NEW 

PRESTO 


X^HE  lighteBl  .  .  .  Bmallest 
.  .  .  least  expensive  .  .  . 

instantaneous  sound  recorder 
ever  produeed.  Weight  35  lbs. 
.  .  .  size  20"  X  15"  x  10" 
.  .  .  less  than  half  the  price 
of  any  PRESTO  recor<ler 
previously  offered.  The  Presto 
Junior  Recorder  makes  and 
plays  12"  records  at  78  RPM 
.  .  .  cuts  at  100  lines  per  inch 
on  Presto  aluminum  or  cel¬ 
lulose  coated  blanks  .  .  . 

gives  an  amazingly  good 
quality  of  reproduction. 

An  idea!  machine  for  out  of  the 
studio  recording 

ORDER  NOW  FOR  DELIVERY  DUR¬ 
ING  OCTOBER 

PRESTO 

RECORDING  CORPORATION 

143  W.  19tli  St.,  New  York,  N.  Y. 

Export  Oivition  (Except  Auetralia  A  Canada) 

M.  SIMONS  &  SON  CO.,  INC. 

25  Warren  St..  N.  Y.  Cable:  Simontrice,  N.  Y. 
Auatralia  A  New  Zealand  Apenta  A  Stockists 

A.  M.  CLUBB  &  CO..  LTD. 

76  Clarence  St..  Sydney.  N.  S.  W.,  Australia 
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Impulse  generator.  No.  2,074,033,  to 
W.  A.  Tolson  and  No.  2,062,198,  sys¬ 
tem  and  method  of  operation  for  com¬ 
munication  by  television,  both  to  RCA. 


Screen  system.  Television  process, 
the  steps  of  which  comprise  projecting 
an  image  upon  a  photoelectric  screen, 
then  interrupting  the  light  beam  form¬ 
ing  the  image  on  the  screen  and  then 


scanning  the  screen.  Original  applica¬ 
tion  May  29,  1929.  Forty  claims. 
F.  C.  P.  Henroteau,  the  Electronic  Tele¬ 
vision  Co.  Ltd.,  Ottawa,  Canada.  Re¬ 
issue  No.  20,187. 


Television  method.  An  arrangement  ' 
for  transmitting  optical  occurrences.  ! 
M.  von  Ardenne,  Berlin.  No.  2,047,533. 


Sound-television.  Apparatus  for  re¬ 
ceiving  and  projecting  televised  images 
in  synchronism  with  sound.  Lee  de 
Forest,  Los  Angeles.  No.  570. 


Generator.  Device  for  generating  a 
current  and  voltage  of  saw  tooth  wave 
form.  Tomomasa  Nakashima  and  Ken- 
jiro  Takayanagi.  No.  2,055,611. 


Electron  tubes 


Inverter.  A  tube  having  a  cathode 
and  two  anodes  and  means  for  moving 
the  anodes  alternatively  adjacent  to 
and  away  from  the  cathode.  D.  D. 
Knowles,  Westinghouse  E&M  Co.  No. 
2,078,672.  See  also  No.  2,078,671  to 
Knowles  on  a  crystal  starter  rectifier 
and  phase  control  tube. 


Phototube.  Patents  to  Bernard  Salz 
berg,  RCA.  No.  2,077,810,  and  to  A.  J.  i 
McMaster,  G-M  Laboratories,  No.  2,- 
077,633  and  No.  2,077,634. 


Magnetron.  An  elongated  U-shaped 
member,  the  legs  of  which  have  a  com¬ 
paratively  large  transverse  cross  sec¬ 
tion  and  are  of  comparatively  large 
mass,  the  inner  facing  surfaces  of  said 
legs  being  closely  spaced,  flat  and  paral¬ 
lel,  a  pair  of  anode  segments  at  the 
free  ends  of  said  legs  on  the  inside 
surfaces  thereof  and  having  oppositely 
disposed  semi-cylindrical  surfaces  pro¬ 
viding  a  cylindrical  chamber  the  axis 
of  which  is  parallel  to  the  flat  surfaces 
of  the  legs  of  said  U-shaped  member, 
a  straight  thermionic  cathode  positioned 
axially  of  said  cylindrical  chamber  and 
means  for  inducing  a  magnetic  field 
longitudinally  of  said  cathode.  George 
R.  Kilgore,  RCA  No.  2,075,855. 


Signature 
Chimes  by 

Rangertone 


Hark  view  of 
Chinii'less  ('himra 
of  N  H  (”. :  ahlrld- 
Init  rover  removed 
ami  ahowliiK  notea. 


The  station  signature  chime  is 
the  most  familiar  thing  on  the 


RANGERTONE  CHIMELESS 
CHIMES  may  always  be  de¬ 
pended  upon  to  give  a  beauti¬ 
ful,  clear,  evenly-spaced  tone, 
without  the  slightest  variation 
from  one  broadcast  to  another. 
The  best  tribute  to  their  tonal 
beauty,  and  dependability  is 
their  use  by  the  National  Broad¬ 
casting  Co.  .  .  .  the  world's 
largest  broadcasters. 


Raugcrtonv  Features 


operated  sinqle  pubh  button 

•teel  reeds 

metal  box — 19  panel  rack  unit  10*2 
hiqh 

4  relays — arranged  to  put  chime  on 
transmitter  to  take  oil  studio  when 
ever  starting  button  operated, 
no  microphone  involved 
one  automatic  chime  cares  ior  all 
studios  in  single  location. 

'  each  note  set  in  >iny  seguence  de¬ 
sired. 

>  each  chime  composed  8  notes,  24  in 
all  (no  clashing  between  funda¬ 
mental  notes  or  their  harmonies). 

>  selected  to  give  harmony  with  all 
other  notes. 

>  Damping  ior  control  and  cadence 
control 

•  no  blurring 

•  single  amplifier  stage 

)  small  motor  operates  speed,  adjusta¬ 
ble 

I  constant  level  provides  technical 
check  up  on  gain  control  of  entire 
circuit. 


j^VNGERTONE  Jxc 

Jr  ELECTRIC  MUSIC 

Newark.  N.  J* 


201  Verona  Ave., 


August  J937  —  ELECTRONICS 


en 

as 

ue 

J. 

2,C 

06; 


me 

of 

cei 

inc 

th( 

erj 

wil 

the 

the 

val 

a.s.s 

of 

the 

vai 


eac 

Dif 


trit 

tut 

tivi 

H. 

2.0 


No 

era 

Gn 


ms 

an 

am 

08i 


lot 

Ni 


1 


HiRh  Frequency  Tubes.  Several  pat¬ 
ents  to  the  Bell  Telephone  Laboratories 
as  follows:  No.  2,063,341,  A.  L.  Sam¬ 
uel;  2,063,342,  A.  L.  Samuel;  2,062,892, 
J.  P.  Laico;  2,062,334,  A.  L.  Samuel; 
2,062,319,  J.  P.  Laico  and  patents  2,- 
062,301  and  2,062,302,  C.  E.  Fay. 

Measuring  Kquipiiieiil  and 
Circuits 

Sensitivity  Meter.  A  method  of 
measuring  the  seleetance  characteristics 
of  a  receiver  by  adjusting  the  re¬ 
ceiver  to  a  predetermined  frequency, 
incrementally  varying  the  frequency  of 
the  generated  waves,  utilizing  the  en¬ 
ergy  output  of  the  amplifier  associated 
with  the  receiver  to  automatically  vary  i 
the  amount  of  energy  impressed  upon  | 
the  input  of  the  receiver  to  such  a  i 
value  that  the  amount  of  output  energy  | 
assumes  a  predetermined  value  at  each 
of  the  increment  points  and  measuring 
the  amount  of  the  input  energy  is  | 
varied  from  a  predetermined  value  at 
each  of  the  increment  points.  Walter 
Dissler,  Telefunken,  No.  2,081,739. 

Radiation  Measurement.  An  elec¬ 
trical  circuit  comprising  an  amplifier 
tube  for  detecting  variations  of  rela¬ 
tively  low  order  in  an  electric  current. 
H.  Kott,  the  Ion  Corporation.  No.  | 
2,081,041. 

Modulation  Measurement.  Patents 
No.  2.069,934,  L.  B.  Arguimbau,  Gen¬ 
eral  Radio  Co.  and  No.  2,082,492,  Henri 
Grumel,  Paris,  France. 

Recording  Circuit.  A  light-beam  type 
instrument  for  recording  transients  in 
an  electrical  circuit.  J.  H.  Hagenguth 
and  W.  A.  McMorris,  G.E.  Co.  No.  2,- 
082,624. 

V'olt  meter.  A  tapered  response  volt¬ 
meter  having  its  scale  expanded  at  the 


lower  end.  M.  S.  Mead,  .Ir.,  G.E.  Co. 
No.  2,082,646. 

Time  Measurement.  No.  2,080,825. 
Georg  Keinath,  Siemens  &  Halske, 
Gerniany. 

Gravity  Measurement.  A  geophysi¬ 
cal  gravitational  prospecting  apparatus. 
L.  W.  Blau,  Standard  Oil  Development 
Co.  No.  2,077,390  and  No.  2,077,391. 

Telemetering  System.  Apparatus  for 
the  continuous  measurement  and  tele¬ 
metering  of  mechanical  power.  No. 
2,073.394.  C.  W.  MacMillan. 


GIVE  IT  the  urarh! 

T  AKE  a  strand  of  either  TURBO  Oil  Tubing  or  Saturated  Sleeving  and  subject 
to  all  the  tortures  you  can  conceive  of — ^twist  it,  bend  it,  stretch  it,  snarl  it 
completely  out  of  shape.  You  can’t  break  it  and  it  resumes  its  normal  tubular 
form  almost  immediately.  This  test  proves  the  great  flexibility,  strength  and 
toughness  of  TURBO  products. 

ASK  FOR  STANDARD  LENGTH  SAMPLES  of  either  one  of  these  materials 
for  testing  in  your  plant.  Remember  all  orders  for  Brand  products,  regardless 
of  quantities,  are  shipped  on  the  day  received. 


Wm.  Brand  &  Co.,  268  4th  Ave.,  New  York  .217  N.  Desplalnes  St.,  Chicago. 


TURBO 


OIL  TUBING  and  .  .  . 
SATURATED  SLEEVING 


if  not . . . 

WRITE  for  the  new  UTC  broadcast  bulletin 


describing  transformer,  equalizer  and  am~ 
plifier  components  for  every  broadcast 
and  recording  application. 

UNITED  TRANSFORMER  CORP. 

72  SPRING  STREET  NEW  YORK.  N.  Y. 
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REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


WIRE  WOUND  RESISTORS 


High  Resistance  Measurement.  An 
amplifier  and  a  circuit  including  a  con¬ 
denser  for  impressing  a  blocking  charge 
on  the  grid  and  a  third  circuit  to  be 
closed  upon  current  flow  in  first  cir- 


REMLER 

^ATTENUATORS^ 


New 

1937 


New  Features 


Improvements  provide  unequalled  ease  of 
operation  and  long  life.  Attenuation  vari- 
aole  in  27  steps  of  1-2/3  db.  per  step  up 
to  45  db.  fading  in  3  additional  increasing 
steps  from  45  db.  to  infinity.  Attenuation 
change  halved  as  switch  arm  spans  adja¬ 
cent  contacts  resulting  in  attenuation  of 
5/6  db.  per  step.  Impedance  practicaily 
constant  over  entire  range  of  the  pad. 
Standard  impedances  of  50,  200,  250  and 
500  ohms.  Special  values  to  order. 

•  BALL  BEARING  ROTOR  SHAFT. 

•  CLOCK  SPRING  PIGTAIL 
CONNECTIONS. 


cuit  comprising  the  amplifier  and  when 
so  closed  operating  to  close  said  second 
circuit.  Siegmund  Strauss,  Vienna.  No. 
2,081,074. 

Liquid  Mixtures.  The  method  of  in¬ 
dicating  the  water  content  in  liquid 
mixtures,  measuring  the  flow  of  cur¬ 
rent  between  electrodes  immersed  in 
the  liquid  with  a  small  voltage  im¬ 
posed  upon  the  electrodes  and  again 
measuring  the  current  between  the 
electrodes  with  a  higher  voltage  im¬ 
posed  upon  the  electrodes,  this  voltage 
being  insufficient  to  cause  disassociation 
of  the  water.  J.  L.  O’Donnell,  Long 
Beach,  Calif.  No.  2,082,213. 

Remote  Metering  Sy.stem.  An  im¬ 
pulse  measuring  system,  comprising  a 
transmitter  which  sends  current  im¬ 
pulses  at  a  rate  proportional  to  a  quan¬ 
tity  or  condition  affecting  the  trans¬ 
mitter.  Carl  Oman,  Westinghouse  E. 
&  M.  Co.,  No.  2,078,680. 

Rate  Meter.  A  circuit  including  a 
condenser  with  a  means  for  discharg¬ 
ing  the  condenser  at  a  frequency  pro- 


LA-5  LADDER 
TYPE— NET 


$10*0 

REMLER  COMPANY,  LTD.,  19th  at  Dryaat,  Sai  Fraacisco 


CAN  NON  AuUdi  oveA. 
boo/xiu^  ibt  AiDuncL 
and  aiAnlam  MWic^ 


Ire  for  Catdl 


On*  pair  of  Sew  Series  *'/  AT" 

Comioii  Cable  Cemuetore  fup  to 
37  pblet}  tor  Airplane,  Radio 
and  Signal  eonipment. 

CANNON  ELECTRIC  DEVELOPM ENT  CO 

★  410  lUest  Avenue  33/  Los  Anqeles,  California  ; 
^  ★  EASTERM  SALES  Off  IC£,  220  fiUhA\e.,Neuj\orK>i  '^.  j 


portional  to  the  rate  t;o  be  measured. 
Benjamin  Miller,  Doherty  Research  Co., 
New  York.  No.  2,068,147. 

Pressure  Measurement.  Use  of  a 
cathode-ray  tube  in  connection  with  an 
engine  including  a  clamber  in  which 
a  fluid  undergoes  rapid  variations  of 
pressure.  Marcel  Demontvignier,  Sur- 
esnes  and  Andre  Labarthe,  Paris, 
France.  No.  2,067,262.  See  also  No. 
2,054,787  R.  J.  Beavers  and  H.  R.  I  aird, 
Western  Electric  Co.  on  a  means  to 
continuously  measure  and  record  bott 
the  magnitude  and  the  variations  in 
the  pressure  exerted  between  two  ele¬ 
ments  by  means  of  a  piezoelectric  crys¬ 
tal. 

Universal  Instruments.  A  universal 
multi-range  alternating  current  meter 
for  measuring  either  voltage,  current 
or  power.  E.  A.  Massa,  Jr.,  H  iddon 
Heights,  N.  J.  No.  2,059,594. 


MICROHM  WIRE  WOUND  RESISTORS  ore  bidlt  on  the  foundation  of 
a  QUALITY  PRODUCT  and  can  be  used  ox  a  component  with  the 
finest  of  predion  instruments.  Manufacturers  interested  in  maintain¬ 
ing  the  QUALITY  of  their  opporotus  recognize  this  merit  of  QUALITY, 
demand  and  use  only  MICROHM  WIRE  WOUND  RESISTORS.  Preci- 
don  Resistor  Company  manufactures  a  complete  line  of  all  types  of 
wire  wound  resistors  and  is  equipped  to  meet  the  most  rigid  speci¬ 
fications. 

Write  /or  catalog  and  prices 

PRECISION  RESISTOR  COMPANY 

332  Badger  Are.  Newark,  N.  I. 

Manniacturers  of  custom  built  PRECISION  ond  INDUSTRIAL  WIRE  WOUND 
RESISTORS. 


TYPE  R 
Watt  (Aetsal 
Sira)  Rea.  S 
to  SOOOOO  ohaii. 
Aeeuraeiea  at 
elMt  at  l/IO 
of  1%. 
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